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Foreword 


O P all the works of man in the various branches of en¬ 
gineering, none are so wonderful, so majestic, so awe¬ 
inspiring as the works of the Civil*Engineer. It is the Civil 
Engineer who throws a great bridge across the yawning chasm 
which seemingly forms an impassable obstacle to further 
progress. He designs and builds the skeletons of steel to dizzy 
heights, for the architect to cover and adorn. He burrows 
through a great mountain and reaches the other side within a 
fraction of an inch of the spot located by the original survey 
He scales mountain peaks, or traverses dry river beds, survey¬ 
ing and plotting hitherto unknown, or at least unsurveyed, 
regions. He builds our Panama Canals, our Arrow Rock and 
Roosevelt Dams, our water-works, filtrati. n plants, and prac¬ 
tically all of our great public works. 

^ The importance of all of these immense engineering 
pmjects and tfie need for a clear, non-technical presentation of 
' the theoretical and practical developments of the broad held 
of Civil Engineering has ied the publishers to compile this 
' great reference work. It has been their aim to fulfill the de- 
< 9^cls of the trained engineer for authoritative material which 
will solve the problems in his own and allied lines in Civil 
EAfidneering, as well as to satisfy the desires of the self-taught 
practical man who attempts to keep up with modern engineer- 
(kvelopments. 



^ Books on the several* divisions of Civil Engineering are 
many and valuable, but their information is too voluminous to 
be of the greatest value for ready reference. The Cyclopedia of 
Civil Engineering offers mot^ condensed and less technical 
treatments of these same subjects from which all unnecessary 
duplication has been eliminated; when compiled into nine 
handy volumes, with comprehensive indexes to facilitate the 
looking up of various topics, they represent a library admirably 

I 

adapted to the' requirements of either the technical or the 
practical reader. 

<L The Cyclopedia of Civil Engineering has for years occupied 
an enviable place in the field of technical literature as a 
standard reference work and the publishers have spared no 
expense to make this latest edition even more comprehensive 
and instructive. 

C. In conclusion, grateful acknowledgment is due to the staff 
of authors and collaborators—engineers of wide practical ex¬ 
perience, and teachers of well recognized ability — without 
whose hearty co-operation this work would have been im¬ 
possible. 
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PART I 


INTRODUCTION 

Scop« ^ Work. The subject of steel construction as here used 
covers ^ use of structural steel for the supports for buildings, 
whether in^the forms of isolated members or complete framew<»k» 
It deals especially udth architectural structures, such as business 
bupdings, o%^ buiidmgs, warehouses, residences, etc. Mill build¬ 
ings and roof trusses might properly be included under this subject, 
but as they are covered elsewhere in the course of study, dley are 
not r^^ted here* 

Consideration is given hrst to the structural steel secticms, i. e., 
the shapes in whicJl the material is available, such as plates, angles, 
I-beams, etc., studying their properties and uses. Certain definite 
rises, shapes, brnd weights of sections caa be purchased in the mar¬ 
ket. Acquaintance with these sections ^d lome knowledge of the 
purposes for which the special shapes are adapted are essential 
prelimmaries to the study of steel design. 

^^designi^ know the quality of the material which he 
is Ua^g'; a brief discussion 'of the chemical composition 

and i^ysiod prcm^rties^of for structural purposes is given. 

Wxpi&lk!^ and experiment have establish^ the workbg loads, 
Jl. e., that can be applied safely to structural steel under 

The values now used are so well establiriied 
may be considered hs standard. Consequently, the unit 
” ^ " ipw with oidy sudi dtscusrios as is necessary to explain 

JSEtStlkm ^ 

i3ms6^pre^mlnary omsiderations comes the study "of 
- Igfits are used in all forms itmettaUd' 

of t^e text is devoted to toem before tsl rin g ^ 
Ihd tonrion inembers./ The itody 
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bers gives a review of the theory involved, the formulas, the compu¬ 
tation of loads, the application to'assumed cases, and details of 
construction. 

Having studied the elements of the structure as <lescribed 
above, complete structures are then investigated and designed. 
Examples of ej^isting structures are taken for this purpose. And, 
finally, there is a discussion of painting, fireproofing, and speci¬ 
fications. 

Structural steel is a perishable material if exposed to the ele¬ 
ments and is so to a considerable extent when enclosed in a building 
but exposed freely to the air. It is a dangerous material w'hen 
exposed to fire. A part of the designer’s duty is to provide the 
necessary protection from c(»rrohiou and from fire; consequently, 
considerable attention is given to painting and fireproofing. 

The specifications for structural steel are quite w;ell standard¬ 
ized so far as usual provisions arc concerned. Nevertheless, some 
modifications or additions are usually required for each job. The 
requirements are outlined briefly in the text. 

Purpose. It is the purpose of this book to give a thorough 
presentation of the theory and practice of design. It is believed 
that careful study of the text and faithful work in solving the prob¬ 
lems will furnish the ])roper equipment for tiesigning’any ordinary 
steel construction. The ability to deal with complicated problems 
will follow naturally after practic'e xvith the simpler ones. 

^ In addition to its uses as a textbook, this work is suitable for a 
reference book for designers, being especially useful to those wdiu 
have to design steel w'ork only occasionally, and to beginners in 
^ practical "work. It does not pretend to offer anything new, but 
aims to explain in a simple way the established theory and 
practice. ' 

Preparalipn. Fundamental Principles. In order to take up 
the design of stmctural steel work, it is necessary that one have an 
understanding of the theory and the formulas used in the design 
of the stedi in^mbers. It is a.s5umed that the eissentla) parts of the 
theoiy, as referred to in “Strength of Materials”, “Structural 
Drafting”, “Statics”, and ‘^Iloof Trusses”, have been mastered, 
and if this is not trtte, these subjects should be reviewed before 
proceeding with "Stedi Constructil^i^, 
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It is of the greatest importanc-e that the fundamental principles, 
that is, the theory underlying the oix'rations in designing, be kept 
in mind. Only in this way can one he sure that no step in the work 
has been omitted. This understanding of the theory will, in a large 
measurt!, remove the neetjssity for formulas. It would be impossible 
to illustrate all the problems that come up in actual practice, so that 
the designer must understand the theory in order to design with 
reasonable assurance of correctness and to solve the Innumerable 
problems that arise. 

Simple Mathematical Bequirenmits. The mathematics required 
in designing are little more than arithmetic. It is true that the 
formulas are expressed iiv algebraic terms, but as these formulas 
arc in the form required for direct application to the problems, no 
algebraic transformations are i^.. 

necessary in ordinary cases. The J— 

work to be done simply consists h - iQoo .a'-jopp 


(a) 


1 . ‘JOO 
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mo 
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l"—J 
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_ . . ■ 
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Fir 1 
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Dittgram Hhowin* Forces in 
Kciuilihnum 


in substituting numerical values 
for the letters and performing 
the additions, subtractions, mul¬ 
tiplications, and divisions indi¬ 
cated by the symbols. The 
formulas will be stated in words 
as well as in letters so that the 
designer need not follow. set 
examples. 

Equilibrivm Relations. The 
three fundamental relations of equilihrium, illustrated in Fig. 1, 
must always be kept in mind,***Viz: 

(1) Summation of horizontal forces equals zero 

(2) Summation of vertical forces equals zero 

(3) Summation of moments equals zero 

In the textbook on "Statics,’' equilibrium is defined as follows: 
Whfen a number cf forces act upon a body which is at restf each tends 
to move 'id; but the effects of all il^ forces curling up<m that body may 
ifOtmteract or neutralize one another, and the forces are said to be hid- 
anced or in equilibrium. 

. Fig.‘ l*>a repJDesents a bexiy to which certain forces are applied. 
•*rhe horizonlal forces h and h' are equal and opposite in dinection^ 
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thus satisfying the first relation. Likewise the vertical forces satisfy 
the second relation. The horizontal forces are in the same straight 
line and the vertical forces are in one straight line, hence there is 
no tendency to rotate and the third relation is satisfied. All of this 
is evident from the drawing. 

Fig. l>b represents a more complicated case. There are no 
horizontal forces. The vertical forces acting downward are 1000 
-f-500=> 1500; acting upward are 850+650 = 1500; hence the sum¬ 
mation equals zero. Taking any point o as a center, the moments 
clockwise are 

5X1000 = 5000 
9X 500 =4500 

9500 

The moments in the opposite direction are 

2 X 850 = 1700 
12 X 650 = 7800 

9500 

Hence the summation of moments equals zero, and the forces 
acting on the body are in equilibrium. 

It is because it is essential that these relations be mastered 
that they are stated here. They will be referred to frequently 
throughout the work on designing. 

Method of Presentation. Throughout the discussion relating to 
the design of structural steel members, the order of presentation b 

(a) Review of Theory 

(b) Calculation of Loads 

(c) Calculation qjf Resistance 

(d) Practical Application 

(e) Details of Construction 

Theory. Although it has been assumed that the 
student has had some training in the theory of design, thb sidjject 
is bric^ reviewed. 

CaJmdathn xif Loade. The calculation of loads on steel mem¬ 
bers is usually tiie most laboricRu part of designing. Thb work has 
to be donein ea<^ individual case, as it is not possible to standard* 
ize the loads "which are applied to structures. Accurate data |ia to 
the weights* of! the materials df^oonstruotion which must be sup* 
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pcHrted by the steel framework are not always available; in fact, 
the weights of certain materials, as furnished by different raanu> 
factunars, vary consi|lerably. The live, or impostMl, loads must 
generally be assumed or approximated from prospei'tive conditions 
of use which may be more or less uncertain. Consequently, this 
, branch of the study involves not only careful computation, but the 
exercise of judgment. 

CaUndaHon of Resistance. The calculation of resistance of steel 
members to the loads applied is also a laborious matter when a start 
must be made from the beginning, but the steel construction has 
been so standardized that the number of sizes of material used is 
relatively small. Tables are available, giving the properties and 
resistance factors of these sections, so that it is usually an easy 
matter to design the section required for a given situation after the 
loads have been computed. This statement does not apply very 
generally to built-up sections such as plate girders and columns, as 
these members have been standardized only to a limited extent. 
Consequently, it is necessary for the designer to be able to compute 
the resistance of the member, having given only its dimensions anti 
the permissible unit loads. Even in the case of I-beams thifere are 
many cases where the work must go back to the fundamental rela^- 
tions; as, for example, in cases where holes are punched in the 
tension flange of a beam at the point of max’nmm bending moment, 
or where a portion of the flange is cut away 

Practical Application. Numerous examples are worked out to 
illustrate the principles and methods covered by the text, and 
similar problems are submitted for solution. The examples and 
problems are taken from actual construction work, as it is believed 
that they are more useful and interesting than abstrqpt illustrations. 

Details of Constrtiction. This section of the w'ork explains the 
usual methods used in detailing the connections of steel members 
to each other and is illustrated .by numerous drawings. 

Reference Borges. Tables giving the properties of steel seo- 
tioBS imd data giving the strength of steel members are given in the 
haiuft>ooks published by the steel manufacturers. Thc'se books are 
so convcaaiiMit for reference and so easily obtainable that no attempt 
• to repeat in this text>the tables and data given in them, the 

sitp^^O^^n being that the reader either has one or wiH provi«le 
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himself with one of these handbooks. References are repeatedly 
made to the handbooks and, as far as practicable, are made in 
general terms, so that any one of the reference books may be used. 
This is an important point, as these reference books are being revised 
from time to time and the one in nse at the present time might 
be supplanted in a year or two by one of another manufacturer 
which is more u|>to-date. Handbooks are published by The Cam¬ 
bria Steel Company, Johnstown,^ Pa.; Carnegie Steel Company, 
Pittsburgh, Pa.; Jones and Laughlins, Pittsburgh, Pa.; and Bethle¬ 
hem Steel Company, South Bethlehem, Pa. 

In addition to the handbooks there are a number of other 
reference books available for special purposes that can be purchased 
through the book stores. They are not essential for this study, but 
are of considerable use to designers. They will be referred to in 
the text in connection with the special features to which they relate. 

Tables. The tables given in reference books are generally 
reliable; nevertheless, errors do occur in them and it is prudent to 
check them with the formulas sufficiently to make sure that they 
are computcKl on a correct basis, or that the user understands the 
basis on which they are computed. As an illustration of the latter 
point, attention is called to the faH that some tables of strength 
are stated in tons and others in thousands of pounds. Of course the 
heading of the table should show this, but special care should be 
taken to make sure which is used. A designer may be using a table 
for beams given in tons and a table for columns given in thousands of 
pounds, in which case it would be very easy to get columns designed 
only half strong enough or beams with twice the necessary strength. 
Similarly, there is a chance for confusion between moments expressed 
in foot-poundl and moments expressed in inch-pounds. Also there 
is a chance for error in using the weight per lineal foot of a section 
when it if intended to use the cross-sectional area, or tdee versa.. 

This matter is given further consideration later. 

* 

PBo»i4tai ,, 

Refer to the handbook and [make a list of all the tables therein in 
vdUdi the strength is given in tohi^ another list in which the strength is 
given in pountls nr thousands of pounds. 

If the HandbbS^ has beecgg^l edited, all taUes wUl have the 
same basis. Makeatareful of the book to ascertain ddinitdy 
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its make-up in this relation. When there is occasion to use a 
different handbook, investigate immediately in the same manner. 
Pbobueii 

Refer to the handbook for all references and tables relatina to moments. 
Make a list of all oases where moments arc expressed in foqt-iumnds and another 
. list of cases where they are expressed in inch-pounds.^ 

Note that moments of inertia are always expressed in inches, 
so that in all cases where the moments of hiertia of sections are used 
in computations, the bending moment must be expressed in inch- 
pounds. On the other hand, the resisting moments of beams are 
usually given in foot-pf>und.s, and the bending moments must be 
computed in the same units. 

Pbobusm 

Select at random from the haudliook twenty or more different sizea of 
anjflpB, I-beams, platefe, etc., and set down in parallel columns the area in square 
inches and the weight per lineal foot of each item. 

Note that in each case the weight is 3.4 times the area. That 
is, a piece of steel having a cross-sectional area of one squaro inch 
weighs 3.4 pounds per lineal foot. 

Problbu 

What is the weight of one cubic foot of steel? Of one cubic inch of steel? 

• 

Factor of Safety. Older works and specifications dealing with 
steel construction frequently use the expression ^'factor of safety.” 
It is used to express the ratio of the ultimate sneugth of the material 
to the safe working strength. In steel construidion, this ratio is 
commonly stated to be 4, being based on the ultimate strength of 
64,(KX) pounds per square inch and a. working strength of 16,000 
pounds per square inch. This expression is a misnomer and its use 
is to be discouraged, because it gi ves a wrong understanding of the 
facts and leads to an unwarranted sense of security. Later on in 
this treatise it is shown that the actual strength of steel work under 
loads continuously applied is only about one-half of the ultimate 
strength of the material, so that the real factor of safety is 2 li^here 
the nominal factor of safety is 4. 

Pt^her this eaepression has been used unscrupulously in argu¬ 
ments with owners to persuade them to use lighter .steel work than 
standard practice permits; and, on the other hand, it has been used 
Iby the owners themselves without realizing the true melming of 
the expression, m an attempt to reduce cost. 
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This expression is quite certain to come up from time to time 
in discussions with laymen and in such cases the distinction between 
the actual and the nominal factors of safety must be made clear. 

Procedure in Furnishing Structural Steel. There are three 
steps in furnishing structural steel: first, the rolling of the plain 
material; second, the Abrication of the plain material into the con¬ 
ditions required for use; and third, the erection of the material in the 
structure. 

The work of the rolling mill consists in rolling the steel sec¬ 
tions of the sizes and lengths as required by the order. The 
work of the fabricating shop is to do the punching, cutting, assem¬ 
bling, riveting, and painting of the material as required for use in the 
structure. The work of the erector is to place the pieces in position 
in the structure and bolt or rivet them together. Some concerns 
perform all three of these steps; many perform only the second and 
third; and in still other cases the second and third steps may be 
performed by separate organizations. The owner may deal with a 
general contractor who undertakes to secure the performance of all 
three steps; or he may deal separately with a fabricating company 
and with an erection company. The former undertakes to deliver the 
fabricated material ready for erection, purchasing the material from 
the rolling mills. It is only in very rare instances that separate con¬ 
tracts are made for furnishing the plain material and for fabricating. 

The design of the structural steel work is usually made by an 
architect, or by an engineer co-operating with the architect. The 
design drawings should show all the necessary dimensions of the 
Structure, sizes of members, loads on the individual members, and 
details of connections other than those considered as standard. 
These drawings show the members assembled in their proper rela¬ 
tions to aicb other. They must also show any connections required 
for attaching or supporting other construction materials. 

apart of the work of fabricating, working drawings must be 
prepared by the engmeering department of the fabricating com¬ 
pany, or by other engineers^employed by it. These working draw¬ 
ings, (H* details, divide the work into individual members, and 
a complete* drawing is of each member,, showing all dimm- 
sions, the po^tioh rive^ exact location of the opal hc^ 

ie<lpred fcp^connectiqps irith other meinbers of otmetore. 
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STRUCTURAL STEEL 

METHODS OF MANUFACTURE 

The procedure in the manufacture of structural steel sections 
from iron ore consists of the following operations: (1) smelting the 
■ iron ore and producing pig iron; (2) con veiling tlie pig iron into 
steel ingots; and (3) rolling the ingots into steel sections. 

Iron Ore to Pig Iron. Iron ore is a chemical combination of 
• iron and oxygen. It exists in several forms. Pure ore has a maxi¬ 
mum of about 70 per cent of iron. The ores as mined are mixed 
with various substances, chiefly water, silica, and limestone, with 
small quantities of phosphorus, sulphur, titanium, manganese, etc., 
so that eommercial ore contains only 50 per cent of iron, or even 
less. 

Process of Smelting^ The purpose of smelting the ore is to 
break down the chemical combination of iron and oxygen, and to 
eliminate the greater part of the impurities from the resulting' 
metallic iron. This is accomplished by melting the ore in a bla.^J 
furnace. The heat for melting the ore is supplied by coke, and 
the melting point is brought to a lower temperature than otherwise 
would be required by mixing limestone with the ore. As the con¬ 
tents of the furnace melt, they drip down to the bottom where the 
molten iron separates from the molten slag by gravity, the iron, 
being heavier, settling to the bottom. 

A section of a blast furnace and skip hoist is shown in Fig. 2. 
The skip or car at the bottom of the machine is loaded jwith ore, 
limestone, and ctJke from the bins; it is then hauled up the incline 
where the material is charged into the blast furnace. Fig. 3 shows 
• a section through the bottom part of the furnace, which represents 
graphically the melting charge and the accumulation of iron 
and sii^ in separate layers at the bottom of the furnace. The blast * 
of air required for buniing the coke is admitted through the open¬ 
ings, called “tuyeres,'* near the bottom of the furnace. 

The operation of the blast furnace is continuous from the time 
it is firefl imtR it is shut down for repairs, or lor other reasons. As 
the metal uud slag accumulate at the bottom, they are drawn dSt, 
‘the met^IntD mdda to form pigs. Fig. 4, and the slag to ^ dump. 
Idore mat|»li4^ lidded at the top of the furnace as the ccmteiiiti 
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Pig Iron. The pig iron resulting from this operation contains 
3 or 4 per cent of carbon; a small amount of sulphur which has been 
absorbed from the coke; about 4 per cent of silicon; and smaller 
quantities of manganese and phosphorus which remain from the ore. 



I^. 3. CroM Saotlott Blwt IHimam Mid Skip Boiat 
From Stoughton** ^MetnUutgy of Iron wtd Stsel*’ 
CtnaUty MeOrtw-BiU Company 


The irob may^pot be castj^jf^to pigs but may be mamtalned iti, 
a molten condition ready for the next operation, if the Bessemer 
process is u^^ In this case it Is poured Into a lai^ vessel calkd 
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a "mixer,” Kg. 5, which may hold as much as 500 tons. Heat can 
be applied to it if needed. 

Pig lroi| to Steel. The change from pig iron to steel consists 
of the redudion of the carbon to about 0.2 per cent and the elimiua- 



From dtoaghton*fi ^^Motalluricy' of Iron ftiid Btiwl" 
Ca%iaU»y MeGmv3*H\U Pv^tHhui^ Company 


tion of impurities as fully as possible. There are two processes d 
doing this^the Bessemer and the Open Hehith. They are described 
in "Metallwi^'of Iron and Steel”* as follow.^: 

*By BmAIm Stiwiaton, Connrisbt 1913, MeQrttW'HQi rubUahuiK Company. 
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Fig. 4. FlgM 

From StoQi^toii'B "Motdltiinr of IroB wid StoaF! 
CovttMU, MeGtaiih Hitt Comptu^ 
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**Bemmer Process. In the Bessemer process, perhaps 10^ tons of 
melted pif iron &re poured into a h^ow pear-shaped converter, 
Figs. 5 6 slid 7, lined with silicious mt^rial. Through the molten 



Fig 5. Seotioa Through n Mixer 
From BtougfatoD''s "Metallurgy of Iron and Steel" 
CoutUay, McGraw-HtU Fubltahtny Company 


material is then forced 25,000 cubic feet of cold air per minute. In 
about four minutes the silicon and mani'anese are all oxidized by 
the oxygen of the epr and have formed a slag. The carbon then 
begins to oxidize to carbon monoxide, CO, and this boils up through 
the metal and pours out of the mouth of the vessel in a long brilliant 
flame. Fig. 8. After another six minutes, the flame shortens or 
‘drops’; the operator now knows that the carbon has been eliminated 
to the lowest .practicable limit, .say 0.04 per cent, and the operation 
is stopped. ^ great has been the heat evolved by the ox^ation of 
the impurities that the temperature is now higher than it was at 
the start, and we have a white-hot 
Uquid mass of relativdy pure metal. 

To this b added a carefully calculated 
amoimt of otrbon to produce the de- 
sired degree of strength or hardness, M 
or both; also about 1.5,per cent of 
manganese and 0.2 per cent of silicon. 

The manganese is added to remove 

from the bath the oxygen with which K..a. FkruofCBttwwtw 
it hat become charged during the ope- cm/gunUtOrw-HiU F^mn y c om p m s 




/if03£\ 
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ration and which w ould render the steel unfit for use. The silicon 
is added to get rid of the gases which are contained in the bath. 
After adding these material#or “recarburizing” as it is called, the 
metal is poured into ingots which are allow'ed to solidify, and then 
rolled, while hot, into the desired sizes and forms. The charac^r- 
istics of the Bessemer process are: (a) great rapidity of purification, 
say ten minutes ix;r “heat”; (b) no extraneous fuel is used; and 



Fig 7 Sectiwn Through Bewemer Converter While Blowing 
From Stoughton's “Mfltulturgjr «if Iron and Stpel” 

* Courteai/ JlScOrate-HxU PiMiahttto Ctymjtant/ 


(c) 'the metal is not melted in the furnace where the purification 
takes place.. 

**Ac{d Opeth-Hearth Process. The acid open-hearth furnace is 
heated by burning wdthin it gas and air, each of which has been 
highly preheated Wfore it enters the combustion chamber. A sec¬ 
tion of the futnace fe shoBTi in Fi^. d. The metal lies in a shallow 
pool on the long hearth,'Com^St^ed of silicioue*‘Material,''and is 
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heated by radiation from the intense flame produced as <iescrilMHl. 
The impurities are oxidized by an excess of oxj gen in the furnate 
gases over that necesvsary to burn the This action is so slow, 
however, that the 3 to 4 per cent of carbon in the pig iron takes a 


Fi* 8. A Bp'WonK'r Blow 
Prom Stouglitoii'fl ''M«*tallunty «{ Iron and Sfpol” 

Coufienff Mrdriiw-lftll Pubhahtng t'umpnny 

long tipae for combustion. The oix*rati<»n is therefore hastened 
two ways: (a) iron ore is added to the })ath, and (b) the carbon 


a* 5- 
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scrap is added to the furnace charge at the beginning of the process, 
and it takes from 6 to 10 hours to purify a charge,-after which 
we recarburize and cast the metal into ingots. The characteristics 
of the open-hearth process are: (a) long time occupied in purifica¬ 
tion; (b) large charges treated in the furftace (modern practice is 
usuaJly 30 to 70 tons to a furnace); (c> at least part of the charge 
melted in the purification furnace; and (d) furnace heated with 
preheated gas and air. Fig. 10. 

**Basic O-pm-Hearth Process. The basic open-hearth operation 
b similar to the acid open-hearth process, with the difference that we 



Fig 8. 8«oUon of Regenerative Opep'Ilewtb Furnaoe 


From Stongbton’a '‘MeUUuqiy of Iron and Steel” 


CourHsy ifcGraw-iftli J*%AU»htng Cemjwny 


add to Uie bath a sufficient amount of lime to form a v^ry basic 
slag. This slag wUl dissolve all the phosphorus that is oxidized, 
which an add dag will not do. We can ox^ze the phosphorus in 
a>ny of these processes, but in the add Bessemer and ^e acid open- 
bearth furnaces the highly silidpus slag rejects the phosphorus, and 
% is immediately^ deoxidized again and i|iiums to the iron. The 
<^aracteristi(» of the basic open-hearth process are the same as 
those of the add open-hearth wi^the additioiiLof: (e) lime added to 
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produce a bassic slag; (f) hearth lined with basic, instead of silicious, 
material, in order that it may not be eaten away by this slag;%nd 
(g) impure iron and scrap may be used, because phosphbrus, and, 
to a limited extent, sulphur can be removed in the oixiration.*' 

Rolling the Ingots. The steel in the ingot is in its final condi* 
tion as to chemical composition. Figs. 11 and 12, and must now b^^ 



Ftg 11. Steel Ingots lucadcd in the Molds and Restiog on Car 
From Slougblon’s Metallurgy of Iron and Steel 
Ctiurteay MrOraw-Uill Publuhmg ComiHiny 


worked into the shapes required for structural uses. This is done 
by passing the steel between rolls. 

Rolls are used in pairs, called a '‘two-high mill”, as shown in 
Fig. 13, or in sets of three, called a “three-high mill”, as e^own in 
Fig. 14. As the piece goes Rirough the same mill several times, the 
two-high mill «aust be reversed for each pass or else the piece must 
be taken over or around the mill between the successive passes. 
These disadvanta^s are elinllAated by Rie use of the three-hi|^ 
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mill, wKich the rolls rotate continuously and work is done on the 
pece as it passes back and forth. 

Blooming. Before going to 
the rolls, the ingot is placed in a 
furpace, called the '^soaking pit", 
in which it is heated to a high 
temperature. In passing between 
the rolls, Fig. Ki, a heavy pres¬ 
sure is exerted on the me^al, 
vihit’h reduces it in thickness, in¬ 
creases it in width to some ex¬ 
tent, and extends it greatly in 
length. If the material is des¬ 
tined to be made into plate.s, it 
is rolled into a slab in the first 
set of rolls; if it is for structural 
shapes, the ingot will be turned 
alternately from side to e<lge in 
passing through the rolls so tha|, 
it will be kept approximately square in section until it i.s reduced 
to the proper size for beginning to form tlie shap<‘. At this stage 



Pig 13 Xotion on steel Ml “Two-High” MU] Pig 14, AHion on in *'Ihr«e-High” Mill 
Courtety McOrayy-ttiU Publishing Company Couflfsg Mcdraw-flill PabUnhing Company 


' Roughing and Finuking Rolb. The next step is to pass the 
sted through the roughing rolls. These rolls are grooved in such 
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Fig. 15. “Two-Htgh" Blooming Bolls 
Courtetv Staman, Sle€th Company 


a way that the successive passes gradually develop the metal toward 
the required shape. Finally it goes through the fini.shing rolls 
which bring the section to the required shape and size. This process 
is clearly illustrated by Figs. *1G, 17, 18, 19, and 20. 
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Vlg. 18> Equal Ancto Boucluiis Rolk 

Cvmtm aMnnan. OmA Ctmpam 





22 


STEEL CONSTRUCTION 



Tig 19 ‘'TUri*e-Higli” Eiiual Angle P'uuahitig Koilti 
Courlfitfi Seaman, Sleeth Company 


Plate lioHs. A three-higli set of plate rolls is shown in Fig. 
21. There is nothing to control the width of the plates, therefore 
the edges of plates rolled in this mill will be uneven and must be' 
sheared to the correct width after the rolling is completed. Such 
plates are known as “sheared plates.” 

Vertical rolls can be placed in front of the horizontal rolls to 





Tie. 20. ^nree-Hi^" Z.B«r Bolb 
Coifften Smmn, SlMtk Cmpuny 
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control the width, as shown in the left-hand view, Fig. 22. Si^h a 
mill is called a “Universal Mill” and the plates produml by it are 



Kik 21 “Throe-Hutli" ChiU Plot.'R oIIm 
Courteny Senman, Slerth Company 

called “Universal ^lill plates,” or edged plates. Fig. 22 is a special 
form known as the Grey mill and is used by the llethlehem St< el 
Company for making I-beams and eoluinn sec-tions. Fig. 2d is a 
d-high Universal Mill manufactured by the United Engineering and 
Foundry Company, Pittsburgh. 



Ftg 22 Ijiuvcraal Mill for liolIinK BclhU-hom m‘iinn« 


STEEL SECTIONS—ADAPTABILITY AND USE 

Classification of Sections. Structural steel members are gener¬ 
ally designated |)y the shapes of their cross .sections. Thus a member 
whose cross section has the shape of a capital letter I is catted an 
I-beam. The other important sections are channels, angles, jsees, 
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tees, aod H-sections, whose shapes aire indicated by the names. 
Round and square members are called ^*rods’' and “bars”. Flat 
members ^ indies wide and less are usually dedgnated as “bars” 
or “flats”. Flat members wider than six inches are designated as 
“plates”. Structural sections are frequently designated as “plates” 
and “shapes”. In general, the structural shapes are standard. 

Standard Sections. The shapes in common use conform to the 
standards of the Association of American Steel Manufacturers. 
•These standard shapes as made by the various manufacturers are 
identical in dimensions and weights; therefore, in designing it is 
'•i^only necessary to specify the sections and not the name of the 
manufacturer. 


Special Sections, In addition to the standard sections, most 
manufacturers make some special sections. Some of these ar^ now 
so common that they are as available as standard sections, but 
generally it is advisable for the designer to give the name of the manu¬ 
facturer in specifying them. The handbooks indicate which sections 
are standard and which are special.* The designer should generally 


use only standard sections. This matter 
b given full consideration elsewhere in 
this text. Use the handbook for con¬ 
stant reference in the following discussion 
of the sections. 

I-Beams. Standard Sections. An 
I-beam, Fig. 24, is designated by the 
depth and the weight per lineal foot, thus: 

12* I 34# 

The standard depths are 3, 4, 5, 6, 7, 8, 



*9, 10, 12, 15, 18, 20, and 24 inches, respectively. For each depth 


there are several standard weights. Most of the mills also make 


some special weights, viz: 


12* deep weighyig 40 to 55# 
15* deep weighing 60 to 80# 
15* deep weighing 80 to 100# 
20* deep weighing 80 to 300# 


ISOS of $hB **Ciernoa» Handbook” uaed the bnnn tUir^fard in relation to beanu 

•ad nhannala (o«pp^ to Uw mmiBium weigbt of each aiee. It m prefernbia to ttmti- tke uiw of 
1^ taktn to tho aa et to n a ndopted by tbo Aiwoaiatioii of Amerlean ^«el Jdaoofnotttim 
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Carnegie Sections. Th% Carnegie Steel Company rolls some 
additional sizes of special beams which are similar to the standard 
beams, as follows: 

2r deep weighing 105 to 115# 

18" deep weighing 75 to 100# 

It also rolls special sizes of certain depths which are lighter than the 
minimum weight standard beams. They are as follows: 

*10" I 22# 18" I 40# 

12" I 27i# 21" I 57J# 

15" I 3()# 24" I 09J# 

27" I 83# 

A distinctive feature of these beams is tliat the fillets connecting 
flange to web form a compound curve instead of a simple curve as 
in the standard beams. 

Bethlehem Sections. The Bethlehem Steel Companyt makes a 
series of special I-beams ranging in depth from 8 to 30 inches. 

The minimum weights of these beams are about 
10 per cent less than the minimum weights of 
the corresponding standard beams. The section 
is so designed that the theoretical strength of 
the minimum section is about the same as that 
of the standard section. This is accomplished 
by putting less metal in the w'eb and more in 
. the flanges. Fig. 25 gives the dimensions of 
the Bethlehem 15" I 38#. Comparison with 
corresponding standard beam shows: 

15'I 38# 16'I 42# 

Wtd> thickness .29' .41' 

nauge width 6.66* 5.50' 

Moment of inertia 442 60 441 80 

The Bethlehem Company also makes a series of girder beams 
ranging in depth from 8^to 30 inches. These beam.s are much 

*Ap|tly to the nearoat office of the Comeieio Steel Ckinipony or the IUuM>ia Stoel C^ompoDjr. 
for a circular th« ptopertica of theae beotna, or are "Pocket Companion," CMnegie Steel 

Cbmpaoy, 1013. 

tComplote data ate given in thftCompony'e handbook. 
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heavier than either the standard beams or the Bethiehem special 
lieams and the flanges are also mu^ wider. Fig. 20 gives the 
dimensions of the Bethlehem ginler 

Effiei^n-cy qf Minimum Srcthum. Note in the haiulbook that 
the weights of beams of a given depth 
are grpiipetl. The beams in a group . 
are rolled with the same ndls, the min¬ 
imum section being protlueed when the 
rolls are set close together, and the 
heavier sections being made by spread- I5 
ing the rolls. In this change the depth 
remains constant, while the web is thick¬ 
ened and the flanges widened. In Fig. 

27, the shatled portion represents the oWor 15*>«733? 

minimum section, and the unshaded portion represents the metal 
abided to produce the heavier section. From this it is clear that most 
of the added metal is in the web, and is not placed to such good atl van¬ 
tage as the metal in the minimum section. The iru-reased strength 
is not nearly so great as the increased weight. For exami>le, 
compare l.T I 42^ with l.'S" I (50^ of the same group. The inert'ase 

18 . . * 

in weight is 18 pounds, or-- = 48%. The increase in strength 




as indicated by the chariii* in the moment of iner¬ 
tia from 441.8 to .W8 (i >s IKi.S, or =22%. 

Thus t appears that the minimum weight of each 
group is the most eflieient. As a i*oiisec|uence the 
range in weight from a given set of rolls is limited to 
about 20 pounds. When a greater range is retjuired 
for a given depth of la’am, more than one set of 
roIl.s is used. Now eompare the staixlard bV' I 00^ 
and the special 1.3" I tiO^. Their respective mo¬ 
ments of inertia are 538.6 and 609 0- The differ¬ 


ence is 70.4, or This illustrates the advantage of 

538.0 


having the additional set of rolls. More than one set of rolls 
4s provided for 12-inch, 16-inch, 18-inch, 20-inch and 24-inch 
beams. 
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PBOBUiU 

Make full-size drawings oiPtraeing paper of the following sections: 


Standard 

16' 

I 42# 

Sfaudanl 

15' 

I 56# 

Special 

15' 

I 60# 

Special 

16' 

I 80# 

Special 

16' 

I 100# 

Carnegie 

15' 

I 36# 

Bethlehem 

15' 

I 38# 

Bethlehem 

15' 

an 


Superimpose these tracings and note the, difference in thickness of web, width of 
flange, and shape of fillets. 


rLAtiee: 


Characteristics and Uses, An inspection of an I section 
shows it is much stiffer in one direction than i n the other. The section 
is designed to resist bending in one direction only, i. e., in the plane 
of the web of the beam. The I-beam is used almost exclusively for 

this purpose, though to a limited extent it is 
used in built-up columns. When used in a 
column, it is economical only when com¬ 
bined with other sections to give stiffness in 
botli din'ctions. It is sometimes used alone 
as a column when the limitations of space 
offset the lack of economy in weight. 

Beams less than 6 inches deep are not 
often used in the framework for buildings. 
On many jobs the minimum is 8 inches. 

Channels. Standard and Sjiccial Sections, A channel, Fig. 28, 
is designateil by the depth and the weight per lineal foot, thus: 





Dptailn of Channel 
Section 


15^ CSS# . 


The standard depths are 3, 4, 5, 6, 7, 8, 9, 10, 12, and 15 inches,, 
respectively. For each depth there are several weights. A number 
of special ^es and weights are made but they are not much used 
for structural purposes. The Cambria Steel Company makes a 
group of flannels 18 inches deep, weighing from 45 to 60 pounds. 

The iK^i^hts of channels are increased in the same manner as 
the weights of beams. Fig. 29,.and the comments regarding beams 
ill this respect ^apply to them; 

CharadfrisHcs^ and Uses, Channels, like beams, are much 
stremger in one direction than ^Ihe other. Tbb makes suit- 
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able lor use as beams when the loads are applied in the plane of the 
web. However, they are not so economtcal as I-beams and require 
more lateral support to keep them from buckling. 

Hence, they are not usejj for this purpose except 
when there is some condition which make# them 
specially suitable. This occurs around wellholes in 
floors, against walls, where nailing strips are to be 
bolted on, in wall spandrels or lintels, etc. 

The most important use of channels is in the 
construction of columns and truss members. For 
this purpose they are used in pairs connected to¬ 
gether with lacing, tie plates, or cover plates. They 
are also used to some extent for girder flanges and 
for many miscellaneous purposes. 

Angles. Standard and Special Scotums. There 
are two stjdes of angles: angles with equal legs and angles with 
unequal legs, Fig. 30. An angle is designated by the lengthvS of the 
legs and the thickness or the weight per lineal foot, thus: 

L 4*^ X 4" X r 

or L4'' X 4*^ X 15.7# 

L 6" X 3r X r 

or LC'' X 3r X 11.7 




Fig. 29. Show 
tng Mothod iif 
Incrf>italng Kcp- 
tion nf Chsn- 


The standard sizes of angles with equal legs are 2, 2^, 3, 3^, 
4,6, and 8 inchas, respectively. There are a number of special sizes, 
the most important of which is 5 inches. The IJ-inch angle is 
seldom used in structural work. 

^ The standard sizes of 
angles with unequal legs 
are 2Y X 2% 3' X 2i', ZY 
X2|', 3^X3', 4'X3', 

5' X 3^ S'xar, 6' X 3^. 

^ X 4*^* The important 
'i^edal idzes usually obtain¬ 
able are 3' X 2^, 7' X 3 J', 8' X 6^ 

* Each size of angle is furnished in several thicknesses varying 
by iV inch. Aithoi^ some of the smaller sizes of angl^ are made 
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in less thickness than inch, this is the minimum that should be 
used for structural purposes. On important work the minimum 
should he I inch. The minimum and mavimura thickness for the 
scjveral sizes are given in the handbook ai^^l need not l)« repeated here. 

Angles are incr<iast‘d from the minimum thickness by spreading 
the rolls. In Fig. .31 the minimum thic'kness is shaded and the 
added metal unshaded. As the thickness is increased, a correspond¬ 
ing amount is added to the length of eacb leg. In 
the case of larger sizes, some mills use two sets of 
rolls, as has been described for I-lx;ams. This 
additional length of the legs of angles must be 
taken into ac’count in allowing for clearance. The 
actual length of legs for any angle is easily com¬ 
puted, tluis: L :r X 3" X I"; minimum thickness 
for this .size J", incTcase o\er minimum f", length 






Fk 31 


HhowiliK 


Itg 

Afi'tlioil of JiKrciit.- 
iiiir S(‘( tioti <il All- 
clou 


of leg 


o 




3/r 

h 


— ‘ii" 

— . > a . 


PaOBl,l> M 

(’onipute lh(' actual UniRths of lops for tlw ruaxunum IhicknoKS of all the 
Htiuidard and njicciixl anphw listcil m the himdbtMik A'.sunie a sccoiul set of rolls 
18 us<*d on tho lollowinp size's* r)''Xl''XA*» 4''X4''Xl*, .3i''X3|*X i”; 

r/xauxT: .'i'x.rxr: 4''x3rxr. 4''x:rxr; e’^x^uxA"; 

(i''x4’'x/r, .s'x.rxA', o'xr/xir, T'xWxV; s'xe'xr; 
s'xR'xr. 

Roroid the results in the handbook in tho tables of '‘Properties.” 


The results in the above problem may not agree with the sizes 
of angles furnished by the various mills but will be suffieiently exact 
for the* uses of the designer. 

Characteristics arid Vses. Angles are the most adaptable of the 
struc'tural sections. They are used with 
plates or other shapes in built-up mem¬ 
bers, such as colurtins, plate girders, etc.; 
for ecmn«eting members together, as beams 
and girders to columns; as beams for 
spedal conditions of loading, as lintels; of z*# Bm 

singly <»■ in jpairs as struts; singly or in pairs as tension members. 

Zees* Standard Sectums. A Zee, Fig. .32, is designated by its 
nominal depth and thickne.ss* thus: 

zrxr 

The sizes listed by, the Carnegie Steel Company are 3, 4, 5, and 6 
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inches, respectively. The tliicknesses var>' by V# inch. The mini¬ 
mum and maximum thicknesses are: 


forS*' 2, randtV 
forr Z, J^and f 
for."/ 2. A" and IT 
forC" 2, r and V 


Zees arc increased in thickness by spreading the rolls. In Fig. 33 
the shaded portion indicates the ininimuin section, and the unshaded 
part the additional section. The thickness of its 
web*and flanges are increased equally, and thereby 
the tlepth of web and w’idth of flange are increased 
by the same amount. Three sets of rolls are used 
for each depth, so that the overrun is ni inch for 
3-inc|l zees an<l J inch for larger sizes. 

Zee bars have been useti extensively ft>r columns, but 
they are rai)idly becoming obsolete and should not be used unless 
there is smne spe<‘ial reason for so doing. 

< 

Tees. Standard Sertionfi. A Tee, Fig. 34, is d(*signated by the 
width of flange, length of stem, and weight per lineal foot, thus: 

T r X T 3'^ X rxfl 3# 


Fik H:t. Showins 
M«lh<>fl of ln« 
cKiufllng Section*’ 
of Zfioi 


always giving the width of flange first 

Some recent handbooks do not list tees. 'Fhc sizes that have 
been available range from 1" X 1*' X to .7' X 3" X 13.(5)^ with 
more tlian 50 intermediates. These are listed and their properties 
given in the Carnegie Steel Company’s ‘‘Focket Companion”, 1913 
edition. 

Chiracterudics and tW.?. *As indicated above tees are going 
(Jut of use, and as the demand decreases they will become more 
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difficult to obtain. The section is not an economical one for the 
common uses of structural steel.' It is not efficient as a beam or 
as a strut, and is not suited for use in built-up sections. 
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It is well adapted for supporting book tile in oeOing and roof 
construction, Fig. 35. In cases where the T>secti(m Is needed to 



Fig. 35. Seotton Showutg T«ea Suppurtmg Book Tile 


meet any special condition it can be made up of two angles placed 
back to back. In this manner a large variety of tees can be made. 

Plates. Standard Sizes. A Plate, Fig. 36, is designated by 
it.s width and thickness, thus: 

PI. 48" X tV" 

\)r by its width and wnght 'per square foot ^ thus: 

PI. 30" X 10.2# 

The former method is used on design drawings for structural steel 
work, and the latter on mill orders and shop details, also on design 
drawings for tank W'ork. 

Plates are made in thicknesses varying by inch from tV inch 
up to 2 inches. Steel plates thinner than inch are called "sheets” 
and are not usetl for structural w'ork. The minimum thickness com¬ 
monly used is \ inch, and on many jobs nothing less than f inch is per¬ 
mitted. Plates thicker than 1 inch are seldom used on account of 



difficulty in punching. “When a greater thickness is needed, it is 
made tip of two or more plates. 

' Styi^ " Tliere. arp tv^^^yles of plates: the Universal MSI 
Plate, or JBdged Plato* and the Sheared Bate. 
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The Universal Mill Plate is rolled to exact width, the width 
being controlled by a pair of vertical rolls as previously described 
and illustrated. Pig. 22. They vary in width by intervals of 1 inch 
from 6 inches to 48 inches. 

Sheared plates, as the name indicates^ are sheared to required 
width after rolling. The stock sizes range in width from 24 Inches 
to 132 inches in intervals of 6 inches, but they can be furnished in 
any intermediate W'idth, even in fra(!t.ioiis of an inch. ' 

• The extreme lengths of plates that can be furnished are given 
in the handbooks. This data should be consulted to determine 



whether the required lengths can be obtained In many cases the 
w’eb plates oitgirders must be spliced on this ac jount. 

Plates alone are not used for structural mcmlwrs. They, are 
used in built-up memb^s, such as columns and girders; for web and 
cover plates; and to connect members together. 

H-Sections. The H-section, Fig. 37, is designated by the name 
of the maker, the depth, and the weight per lineal foot, thus: 

• Carnegie 8" H .34.0^ 

Bethlehem 14*^ H 9S.8^ 

The H-aection is not standard. At this time it is made only by the 
Camej^e Sted Company and the Bethlehem Steel Company. The 
Carnegie H*s* are 

* 8" H 34.0# 

6*'H23.8# 4'H 13.0# 

There is but one weight for each size. 

*Amiiy to tb» a—office of the Caraegi* Stad ConuMtny. or Uwr nSnoiii Btowl Coin)iM>y, 
'lav oinwliw arviiic fvosMvfiaa. or aw* Ctmagm Start Conu^ai^’a Fortui C omp a n ion. mtS 
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The nominal sizes of the Bethlehem H>sections are 8, 9, 10, 11, 
12, 13, and 14 inches, respectively. The at^tual sizes range from 
71 inches to IGi inches in intervals of J inch. The extreme weights 
are 34.6 pounds and 291.2 pounds per lineal foot. 

The H-sections are designed for use as columns and struts. 
They are not intended to be used in built-up members, except a 
sp<‘cial section which is designed to be increased by adding flange 
plates. 


(<71 (b) 






Miscellaneous Sections. In addition to the regular structural 
hcctions just descrilied there are a numl^er of special sections, Fig. 
38, with^which the designer sliould be familiar, viz: 

(a) Hailroad Bails (e) Steel Sheet Piling 

(b) Wide-Flanged Channels (f) Steel Railroad Ties 

(c) Bulb Beams (g) Square Root Angies 

(d) Bulb Angles (h) Hand Rail Tees 

(i) dickered Floor Plates * 

^ * 

These sections lUgs not often used in steel constructkm for buildings, 
but occiLsionally conditions bn^e to be met to which some of them . 
are specially suited. 
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PROPERTIES OF SECTIONS 




Under the heading '^Properties of Sections” the handbooks give 
tables of the numerical values of Uie various functions of the sec¬ 
tions. Referring to these tables, certain items neetl no ex|)lanation, 
viz: dimensions; thickness of metal; area; weight per lineal foot. 
Other items are not self-evident and will be explaineti in detail. 

Center of Gravity (C.G.). See "Strength of Materials” for 
definition. The I-l)eam, H-section, and Z, Fig. 39, being symmetrical 


a a 



tin 30 IxMtaUon of Cent4*r <if Qravitv of Septioiw of r, x', aiui x' to N* inken from 

Tabloii 111 IliindtxHiW 


a'^Mout both axes, the center of gravity is in the center of the web 
^d no values are given in the handbook tables. The C-section, 
Fig. 39, is sylBimetrical only almut the axis which is peqxmdicular 
to the web; t^e center of gravity must, therefore, lie on this axis. 
The table gives the distance of the center of gravity from the back 
of the channel. 

Angles not bdng symmetrical about either axis, the center 
gravity must be located by dimensions from the backs of both 
If the are ^ual, both dimensions are the same; if the legs fliw 
unequal, the dimensions are unequal, the distance from the idiort 
leg x' being greater than that from the bng leg 31, Fig. 39. 
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The position of the center of gravity must be known in order 
to compute the moment of inertia of the section and the moments 
of inertia of built-up members. The former values are given in 
the tables; the latter must usually be computed by the designer. 

lUuMrative Example. Compute the position of the center of 
gravity of L4‘' X 4*^ X Yt disregarding fillets and rounded corners, 
Fig. 40. Divide the angle into two rectangles (1) and (2) as shown. 
Their centers of gravity are at Cj and c,. 

Area of (1) 4 ' X Y 2.00 sq. in. 

Area of (2) 3Y XY sq. in. 

Total area 3.75 sq. in. 

Moments about o' o' for (1) =» 2.00 X i = 0.50 
Moments about o' o' for (2) « 1.75 X 2i = 3.94 

Total moment 4.44 

4 44 

Distance x r~ 1.18' 

3»75 



Similar computations apply about 
the axis b'b' and give the same result. 

Pboblem 

Compute the position of the center of 
gravity of the following: 

15' C 33# 

Moment of Inertia (I). Refer 
to “Strength of Materials” for defi¬ 
nition and method of computing 
moment of inertia. Moment of 
inertia is designated by the letter 
I. When a subscript is added 


it indicates which axb is used. Thus la means the moment of 


inertia itbout the axis a. Note that this symbol is the same as is 
used tot the beam. Care must be taken to avoid confusion. The 


meaning can be determined in each case by the context. The 
tables in tl» handbook give the value of Z about both of the rec- 
tangular axes of the se^^ and, in the case of angles, about a 
diagonal mds also. The pi^ltion of this diagonal axis is so diosen 
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fts to ipv 0 the minimum value of /. For I-beams and channels the 
minimum value b about the axis parallel to the web. 

The moment of inertia enters into the formulas for bending 
and for deflection. It is also used in computing the radius of« gyra¬ 
tion of columns. Its values are given in the handbooks for the 
structural shapes and for plates, but it must 
be computed for most built-up sections, espe¬ 
cially for plate girders. The foctors entering 
into the comptdtaiion of the moments of inertia 
are (dways in inches. 

Illustrative Examples, 1. Compute I« 
and 7b for the plate shown in Fig. 41. 

8 X 1 X 1 X 



h 1 X8X8X8 = 42} 

2. Compute I* for the plate girder 
section in Fig. 42 made of 1 PI. 42'^ X i" and 
4Ls 6' X 6' X 

for 1 PI. 42^ X V h (from tables) « 3087 
for 4 Ls 6' X 6' X Y L (from tables) 

4X19.91 -= 80 

for 4 Ls 6'X6' X 7. 4 X 5.75 X 

19.57 X 19.57 » 8809 

11,976 


Beductions for rivet holes at m 
Area of 2 holes =.2 X IJ' X p = 

2.625 sq. in. 

Forihoie7d« T*ixirxrxr 

X i' « .08 

(a value so small that it is 
» Delected) 

^ 2.625 X 18.75 X 18.75 « 923 

Totd net value la » 11,053 


Fic 41. DiaRram for Moment 
of Inerliu of Ruotanilular 
Plate 





Fig. 48. Diacnm torJ^lMot 
of IiMttut of FUte Cotte 


47 
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Pkoblemh 

1 poinpute the values of 7 ff)r the section in Fir. 43, Deduct rivet 
holes. 'iV; section is iiuwle up of 4 Ls connected with lacing ban 

(lacing not figured) 

2 Compute the values of I for the 
si'ction shown in Fig 44. 

1 C 12 'X 20 J# 

1 L 4 'X 3 ''xr 

7<*' 

^ The axes a a and If b are through the 
center of gravity The section not being 
symmet i icai, the posit ion of the center tif 
gi avit V niiist be compiiteil. 

Radius of Gyration (r). The 
radius of gyration is a value de¬ 
rived from the moment of inertia, hut as its definition involves higher 
mathematical relations it need not he given here. It is represented 
by r, and is expressed in inehc'.s. 

The radius of gyration is derived from the moment of inertia 
by dividing by the area A in square inehes anil taking the square 
root of the result. This is expressed by the formulas 



Fir. 43 DiiiRrain fur Momont of Inortin 
of l‘‘o\ir AiirU 



I = Jr 2 


r 

'' A 




' / 


.1 


Jlluntrathe Kjcamjfles. 1. Referring to Fig. 
41, the value of lb = 42i|; and = SXl=8 
S(p in. Therefore r® = 42^ -r-<8 = 5^, or r=V5J 
= 2.3r. 

2. Referring to Fig. 42, the value of = 


lP1.42''Xr =21aq. in.l ,, 

4 Lg trxtrxr «23 8q. in.j 

11*^6== 272.2 
44 

r=V2m = n6.5*' 


^Rofer to tlin Intbook on Aiiditeetks for method of extmetmg the nqiuure root. TaUw 
ue given la^lie hnndbook* froth wiueh the vnluee c«n be taken.* 
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PEOBUnift 

1. Compute the values of r for the nputiona given in Figs. 43 and 44. 

2. Cheeje. ihevaiuoB given in the handbook for r fora 12* I 31^;^. 

ITic radius of gyration is used in the column formula as explained 
later in the text. 

Section Modulus ^ In the formula for the resisting mo- 

,* . . / . 

ment of sections subjected to beiidiiig occurs the expression -, in 

c 

which / is the moment of inertia and c is the distance from the 

neutral axis to the extreme fiber of the section. has a definite 

® ■* 

\ alue for each section, and is called the section modulus. It saves 
one operation in arithmetie to have these values given for the various 
seetions and they are given in the handbooks. As indicated by the 

fraction - , the value of the seetiim inoduliis is determined by divid- 
c 

ing the moment of inertia by the \alue of c. 

/ 

JUuMralire Ejrample.i, 1. f’onipute - for an 8" I 18^ alamt 

c 

the axis perpendicular to the web. 

From the table, J = 50.0. The distance c is half the depth =*4'' 

c 4 

2. C'ompute ~ for a channel 12" X 20.5^ about the axis par- 
c 

aliel to the web. Not being a symmetrical section it bus two values. 
From handl)ook, 7=3 91; r— (2.04 —.70) = 2.24, and c = 0,70. 

. / 


3.01 ,7 3.01 - 

- : - = 1. / .3 and = - - -- = o.oO 

c 2.24 c 0.70 


J'UOBLKH 


Compute the values of - for 

15' I 42# about JixiB p;u-allel to web * 

9' I 2t# about axin {lerpendiculor to web 
1.5*’ I ;i3# about axis perpendicular to web 
L 3' X3'X »' about axis a1 45* to h*g« 

L 6' X4' X i' about axis parallel to slHirt leg 

MisceUaneous Preppies* llic handbooks include in the 
tables values of other properties of sections such as Coeffici^t of 
Strei^h, Coefficient of Deflection, and Uefdsting Moment. 
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Strictly speaking, these are not properties of the sections, as they 
depend upon the value of the unit stress. Tliey will be discussed 
in the text relating to beams. 

GENERAL INFORMATION 

Price Basis. The designer needs to be posted on the basis of 
prices for structural steel. For a numbei*' of years Pittsburgh, 
which has been the recognized center of steel production, has been 
the basing point for steel prices. Given a certain prico for steel at 
Pittsburgh, the price at any other point is determined by adding 
to the base price the freight from Pittsburgh. Thus, if the price 
of steel af Pittsburgh is $1.50 per hundred pounds, the price in Chi¬ 
cago is $1.68 per hundred pounds, the freight rate being (at the time 
of writing) 18 cents i>er hundred pounds. 

Certain sizes of material are called “base” sizes. They are 
usually sold at a uniform price. The base sizes are: I-beams, 3 
inches to 15 inches inclusive; angles, 3 inches to 6 inches inclusive; 
channels, 3 inches to 15 inches inclusive; tees, 3 inches and over; 
zees, all sizes. I-l>eams over 15 inches, angles over 6 inches, and 
angles and tees under 3 inches are charged for at a higher rate, 
usually. 10 cents per hundred pounds, above base price. Special 
sections and sections rolled exclusively by one manufacturer are 
sold at prices varying from the base price according to market 
conditions. The base price itself varies from time to time, usually 
from$1.25per hundred pounds to $1.50 per hundred pounds; occa¬ 
sionally it goes beyond these limits. 

Mill and Stock Orders. Structural steel orders are handled 
on two bases: (a) based on securing the plain material for the job 
from the rolling mills; (b) based on securing it from stock. Of 
course th^ may be a combination of the two. 

The mill basis is clieaper, as it eliminates waste, saves expense 
of handling, saves interest cost on the value of material, and may 
save a prollt or premium demanded by the dealer for quick service. 
Consequently all work is ci^ried out on the mill basis, if the time 
allowed for completion permits it to be done. 

When .^e material is to be furnished on the mill basis, ^ 
engineer who makes the detaiLdrawings or the enginem^ dqiart- 
ment of tlw fabricati^ company makes a list cd the individual 
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pieces required. Th^ pieces are then ordered froia the rolling 
mills, cut to the lengths required (a small variation in length is 
usually allowed; short pieces are usually ordered in multiple lengths). 
Thus there is practically no waste of material. 

Material carried in stock is ordered from the rolling mills in 
lengths as long as can be handled conveniently. The lighter sec¬ 
tions are ordered in lengths of 30 feet and 36 feet, and the heavier 
sections in lengths of 60 feet. In cutting this stock material there 
is necessarily considerable waste. This stock material is not usu^ly 
^available direct from the rolling mills. The dealers in stock are 
usually fabricating companies, jobbers, or brokers. They charge 
an advance in price over the mill price to cover waste, handling, 
cutting, and other expenses incidental to the business, and to cover 
such profit as the market condition may permit. This advance 
in price varies from 10 cents to 50 cents per hundred pounds. 

Stocks of plain material are carried in all the larger cities. 
Printed lists of the material on hand arc issued at frequent intervals. 
These lists should be con^lted and used as a guide in selecting th< 
sections that are to be used in all cases where stock is requirecl. 

Whether mill or stock material will be used depends upon the 
size of the job and the time service required. Small job.s, say less 
than 100 tons, will usually be taken from stock unless only one or 
two sections are required. If delivery of fabricated material^ is 
required within 60 days, it will usually have to be taken from stock. 
Even for much more extended deliveries, all or part of the material 
must be taken from stock,* if there is a great'demand. 

Variation in Weight. Attention is called to the provision in 
the s^cifications, p. 360, which permits a slight variation in the 
weight of the finished steel as compared with its theoretical weight. 
This variation in the case of sections other than plates is 2.5 per cent 
above or below the theoretical weight. This represents the prac¬ 
ticable limits in adjusting the rolls of the mill. The variation 
applies to individual pieces and not to a bill of steel as a 
whole; some pieces will be overweight and some underweight, 
so that the average on a bill of considcsrable size should agree 
very closely with the theoretical weight. In the case of plates, 


■r 
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a much larger variation is allowed, amounting in some cases to as 
much as 18 per cent. It will be noticed that this variation is greater 
when plates are ordere<i to l)c of a certain gage or thickness than 
it is when they are ordered to be of a certain weight. The reason 
for this is that plates arc slightly thicker in the middle than they 
are along the edges and, therefore, as the thickness must necessarily 
be measured near the edge, there is an excess of metal near the 
middle of the plate which is not counted. This excess is due to the 
springing of the rolb. Plates can be ordered by weight, that is, 
to have a certain weight per square foot of surface, and when so* 
ordered the allowable variation is less because the rolls call l)e 
adjusted to give the average .weight. The result is that the fabri¬ 
cating shop usually orders large plates by w'cight per square foot. 
In a job involving a large amount of plate work, as for chimneys, 
tanks, etc., this may become a matter of importanc*e, but for build¬ 
ing work a relatively .small number of plates are required and it is 
not customary to specify them by weight, but by thickness. 

QUALITY OF MATERIAL 

Reliability of Structural Steel. Structural steel is the most 
reliable material used in building construction. Its manufacture 
has been a continuous development to the extfent that the quality 
of material produced is under alratist absolute control. The ingredi¬ 
ents are tested and measured before being put into the furnace, and 
the product is analyzed and tested physically to make sure that it 
fulfills the required standards; so that, with a reasonable amount of 
inspection and test, the purchaser can have definite assurance that 
he is securing the quality of material which he needs. 

The manufacturers and users of structural steel have cx)-oper- 
ated in developing the material in order to attain the most pra<> 
ticable resets. On the one hand, the manufacturers have insisted 
on keeping the quality such as to make its manufacture commercially 
satisfactory. On the other hand, tiie users of steel have demanded 
the best material that it is possible to make and still keep within 
reasonable limitation of cost of manufacture. 

•i* 

STANDARD SPECIFICATIONS 

As a result of the efforts of the manufacturers and users^ 
Standard Specifications have "iSTOn formulated covering th# qudit^ 
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of structural sted. There arc three sets of sijecifications that may 
sdfely be used, viz:* 

(a) Manufacturers* Standartl Sjx'cifications for Structural 
Steel—Class Bt 

(b) Standard Specifications for Structural Steel for Build¬ 
ings, adopted by the American Society for Testing 
Materials (Given in full p. 359) 

(c) Specifications for Structural Steel, adopted by the 

I, American Railway Engineering Association 

Comparison of Specifications. A brief comparison of the pro¬ 
visions of these three sets of specifications is of intere'st. 

Range of AppUcatum. The specifications (a) and (b) arc 
intended primarily to apply to steel h)r building work, whereas (c) 
is for railway bridges. In buildings, the greater part of the load to 
he supported is permanent or dead loud. The variable or live load 
usually is applied gradually, without shock or vibration. In railway 
bridges the conditions are quite different. The j)ernmnent load f^r 
a short span is the smaller part of its capacity. The live loatl, la ii.g 
much larger than the dead load and being applit'd quickly, prodnevs 
great shocks and vibration. Because of these cotiditions, si)ecifica- 
tion (c) is more rigorous in its requirements than are (a) and (b). 

Process of Manufacture. Specification fc) rctpiircs the open- 
hearth process of manufacture; (a) and (o) p<*rmit either open- 
hearth or Bessemer. 

Chemical Analysis. Specification (c) requires the chemical 
analysis to report the percentages of sulphur, j)hosphorus, carbon, 
and manganese, and limits the amount of suljihur; (a) and (b) limit 
■the phosphorus. 

Tensile Strength. Specification (c) places the tlesirerl ultimate 
tensile strength of steel sections at G(),(KK) ptmnds jxjr square inch, 
aUowring a variation of 4090 pound-i, thus making the range of 
strength 50,000 to 64,000 pounds; (b) allows a range from 55,0fX) 
to 65,000 pounds; (a) allows the same range as (b) afid in addition 

• (fit Pobiiahed in the handbooka iMund by U«" St****! Manufuf itirerc, 00 PuWWwid by 
Amodean Society for TasUnic Matonala, Bditar Mniburg, K. creUry, CruvitMtv of PeniuylvKiun, 
Phikidelphis, Pn ; published in full in CnrneKie CfimpflBy'n Pwkwt CutniMtniun, IfllS 

oditiMi; <e) Pubikbod by Amerirau RultraV F.iMpneerinc Aaaocuiiion, 010 South Michigno Boid*- 
tsIrI. CSiidbco. JIL 

» ta«wAiaf<irnUn»dbndg«i. 
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permits a maximum of 70,000 pounds if the percentage of elongathm 
is the same as for steel having a tensile strength of 66,000 pounds. 

Rivet Steel Strength. Sp»ecification (c) specifies the desired 
strength of rivet steel at 50,000 pounds, allowing 4000 pounds vari¬ 
ation, thus making the range of strength from 46,000 to 54,000 
pounds; (a) allows a range from 46,000 to 56,000 pounds; and (b) 
allows a range from 48,(XK) to 58,(KX) pounds. 

Elongation and Fracture. The three specifications are in close 
agreement as to their requirements for elongation of the test speci- 
inen and the character of fracture. 

Bending ReqnircnwnUi. Specification (c) is somewhat more 
rigorous than the others in the bending rt'quirements. 

Either of these specifications will give satisfactory results, but 
specification (b) of the American Society for Testing Materials is 
recommended as being most stiitable for building work. It is given 
in full on p. 359. 

DISCUSSION OF IMPORTANT FEATURES 

Method of Manufacture. A brief description has been given 
of the two methods of manufacture of steel. The Bessemer process 
is more rapid and, as a result, is less subject to accurate control than 
the open hearth. In the Bessemer process the operator is governed 
by the character and color of the flame issuing from the converter. 
He must learn by experience to do this, as the whole matter depends 
upon his judgment. The open-hearth process, being slower, gives 
an opportunity to take samples and make analyses, and thus control 
the operation. ‘ 

The Bessemer process, as ordinarily conducted, does not remove 
sulphur and phosphorus, so that whatever quantities of these unde¬ 
sirable elements are in the iron ore remain in the finished steel. On 
the other hand, the usual open-hearth practice reduces the amount 
of sulphur and phosphorus, these elements being removed in the slag. 

For the above reasons, the product of the open-hearth fumac« 
is considered more desirable than that of the Bessemer, when steel 
b to be subjected to severe use, as in the case of railway bridges. 

Heretofore the.question has* been an economic one. The 

aemer process being the chea})e|^ most of the producing capacity 

was of that %rpe, and a price was chuged for open-hearth' 
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steel. Recently the »tiiation has changed. Most of the new 
furnaces are open-hearth and no extra change is demanded for steel 
made by this process. There is now no difficulty in securing it. 

Chemical Coiiqwsition. Carbon, The essential elements of 
steel are iron and carbon. All of the' other elements found may be 
considered as impurities. The iron, of course, constituti's all but a 
small percentage of the total. The function of the carbon is to 
make the steel hard and strong. Within certain limits the tensile 
strength of steel increases, while the ductility decreases, with the 
increase in the amount of carbon used. The amount of carbon in 
structural stwl varies from 0.10 per cent to 0.40 per ci‘nt. Tlie 
smaller amount occurs in rivet steel. For structural shapes, the 
usual limits are 0.15 per cent to 0.25 j;)er cent. A larger amount 
makes steel too hard for structural purpose's. 

Steel to be forged or welded needs to l)e low in carlmii. Steel to 
be tempered must be high in carbon. TChese features do not con¬ 
cern structural steel. 

Phosphorus, Phosphorus occurs as an impurity in the iron ore. 
It is not practicable or necessary to remove all of it. It increa.>e3 
the strength of the steel but produces brittleness. The amount of 
phosphorus allowed is about 0.10 per cent. 

Sulphur. Sulphur is also found as an impurity in the iron 
ore. Its presence in the steel causes trou* Ic in rolling. It u.sually 
amounts to less than 0.05 per cent. 

Silicon. Silicon may be in the pig iron or may be absorbed 
from the material used in lining the steel furnace. It increases 
the hardness of the steel and has a beneficial effect in the process of 
manufacture, so that the presence of a limited quantity, about 0.20 
•per cent, is not objectionable. 

Manganese, Manganese also may be found in the, iron ore, 
but if not, it is added dhring the process of manufacture to assist 
in the cbemical transformations. Its presence in the finisheti steel 
to the extent of about 1.0 per cent is an advantage, as it adds to the 
strength and improves the forging qualities. However, some 
authorities believe that it promotes corrosion of steel and on this 
/uxpunt is objectionable. 

AUops of Steel, A much larger quantity of numganese is 
sometimes used as an aiioy« but such a steel is qpt used for struotumi 
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purposes. There are many alloys of steel, devdoped for special 
purposes. The only one used for structural work is nickel steel, and 
up to the present time its use has been limited to a few large bridges. 
Probably nickel steel will not be economical for building work for 
some time. 

Physical Properties. The ^determination of the physical prop¬ 
erties most suitable for structural steel has been a gradual develop¬ 
ment. It has been influenced bj' the cost of manufacture and ease 
of fabrication on the one hand, and uniformity and tjconomy to the 
consumer on the other. 

The manufacturers have r«}uirecl that such limits be set aswouhl 
{Kfrrnit them to operate economical!^'. Expensive refinements of 
small importajice have been eliminated. The allowable range in 
strength lias Iwien made large enough so that it can easily be attained. 
The fabricating shops have encouraged the use of a material that 
can easily be punched and sheared. 

The designing engineers representing the consumers have de¬ 
manded a small range in strength and uniformity in physical proper¬ 
ties, and at the same time as great strength as is consistent wdth relia¬ 
bility of material, with economy of manufacture, and with ease of 
fabrication. 

As the physical properties are closely related to the uses of the 
steel, their requirements are much more explicit than are those 
relating to chemical composition. The chemical tests are of inter¬ 
est only to the extent that they indicate physical properties. Thus, 
high carbtm and high phosphorus indicate high tensile strength and 
brittleness, but these properties can be determinwi more directly by 
the tension test, with the attendant observations of elongation and 
character of fracture. 

Railway Bridge Grade Steel. It has been noted that the Manu¬ 
facturers' Standard Specifications (a) provide for steel, which has 
a maximum strength five thousand pounds greater than the strength 
provided by specifications (b) and (c). This grade of steel was 
formerly very much used for building work, but now steel having the 
lower strength is generally us^. The reason for using the lower 
strength steel is that it is more reliable and more uniform in quali^\ 
The higher the strength the n^pca brittle the material, hence the 
greater dangqr of injury' from oareless handling and from the shop 
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operations of fabricating. Tliid latter condition makes the fabricating 
shops prefer to use the softer gifde.“ It seems probable that this 
harder grade of steel tcill be used less and less and, theR'fore, more 
<U(Bcultto get; so it is |vise to specify the railway bridge grade, which 
is Class A, in case Manufacturers’ Standard Specifications are used. 

Yirld Point The yield point indicates one of the most import¬ 
ant properties of structural steel. Wlfen a piece of steel is subjected^ 
to a tensile stress, it elongates, the amount of the elongation within 
certain limits Ixdng proportional tothe load applied; thus, if a piec-e of 
sit'd of one squi^re inch cross section is subjected to a load of 5(K)() 
pounds, and then to a load of 10,(XX) pounds, the elongation in the 
st'cond cu'^e w ill l)e twice as much as that in the first case. The test < 
for the strength qf the steel specimen, as described in the sijecifica- 
tions, is made in a tension or pulling machine, to which is attached 
a lever arm carrying a W'eight, corresponding to the beam of an 
ordinary scale. If the load is increased at a uniform rate, the 
weight on the scale beam, by being moved at a certain uniform 
rate, wdll keep the beam exactly balanced until about one-half the 
ultimate strength of the material is reac-hed; then the scale 
will drop, indicating that the specimen is elongating more rupidlv' 
The stress at which this oe<-urs is called the "yiehl point” of the steel 

Breaking Jjoad. If a load somewhat larger than that wdiich 
prixluced the above effect w’ere applied co'itinuously for a long tinit?, 
or reiHfated many times, the specimen Wimld finally break; but 
usually ill testing, additional load is applied at the same rate as before 
until the specimen breaks. The breaking load, a<*cordirig to the 
specifications, should be about fiOjCXK) pounds per wpiare inch. 
This represents the load ivHu'h w’ill break the steel if applied within 
.a relatively brief period of time, but a much smaller l(*ad will break 
it if applied over a long periofi of time. 

Elastic Limit The change in the rate of elongation does not 
occur just at the .point where it becomes manifest by the action of 
the scale beam, but at a aomew’bat lower stress. The point where 
the change actufdly occurs is called the “elastic limit”. This term 
formerly was used in specifications and, in fact, still is used in the 
Manufacturers’ S^Uundard Specifications, but,as the comnu^rctal 
ftiethods of testing structural steel do not clearly show the exact 
point of the elastic limit, the yield point is used. 
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Yield Point and Factor of Safety, The Standard Specificalvms 
require that the yield point shall .be not less than one-half the uitjh 
mate strength. The v^ue of tlie yield pdmt is usually several 
thousand pounds above this amount. Wl^n the yield point Is 
reached, the material has begun to fail. This value, therefore, in¬ 
stead of that for the ultimate strength, is the one which should be 
*used in computing the factor of safety. If the yield point is at 32,000 
pounds and the unit stress 16,000 pounds, the factor of safety is 2 
instead of 4, as commonly stated. Refer to the discussion of 
factor of safety, p. 7. 

Reduction of Area. The provision in the specifications re¬ 
garding the reduction of area of the test piece at the point 
of fracture is of importance, as it indicates the ductility of the metaL 
If the piece breaks without much reduction in area, it indicates that 
the material is hard and probably brittle. Such material is likely 

to break, if subjected to shock, and may 



fracture in punching and shearing. The 
character of the fracture is indicative of the 


roft Fn^CT srrtL, 

Fig. 4.*; Bending for 
Steel 


FOF 3TFUCTUFAL iutt sumc coiidition. If cup-shaped and silky in 
( appearance, it indicates toughness; but if the 

roF FUFCT srrtL, fracture is irregular, it indicates brittleness. 

bending test also is important for deter¬ 
mining whether the steel is tough or brittle. 
Inspection and Tests. In order to check the quality of 'the 
steel as it is made, tests are made of each melt. The chemical 
anal.v'sis is made from a sample taken from the molten metal as it 
conies from the furnace or converter. Sometimes a check analysos 
is made from drillings taken from the rolled section^ 

Physical tests are made in accordance with the requirements of, 
the standard specifications. The test specimens are cut from the 
finished atructural steel. The bend test is made by biding the 
specimen around a pin whose diameter equals the thickness of the 
specimen. Fig. 45. Rivet rods must bend flat on themselves. These 
tests are made with cold steel. The work is done either by blows 
or by pressure. * To pass the test, the spedmens must show no 


fracture on the outd^e of the bent portion. 

The tension-test specimen is shaped as dhown in 46. It Is 
put in a tendon-testing mach^e and pulled until it brraks. F^rom 
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this are determined the total etrengtlB> yield point, elongation, and 
character of fracture. Fig. 47. 

Records of these tests are furnished to customers if de^red. 
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Fig. 46. Tenuon Teat Pieee 


Customers may, and on important jobs do, employ inspectors to 
supervise the tests. These inspectors also make a surface inspection 
to see that the finished sections are straight and free from cracks, 
blisters, bucldes, and slivers. Fig. 48 is a specimen report of tesU. 




Fig. 47. T«»t riM* B«fbrB luid After Being Brojun by Tenakm 


UNIT STRESSES 

Qeneral Discttssioii. The unit stress, or working stress, is tim 
^tresa or load that is allowed on each square inch of cross section of 
the inetsl and is expressed in pounds per square inch* There is 
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practical agreement on the values used for the various kinds of 
stress. The following values can be used with assurance that they 
will give safe results. Note that these values are for builduig work; 
they may also be used for highway bridges but not for railroad 
bridges. 

Structural Steel. Structiural steel is so dep(‘ndable and <ff such 
uiiifdrm quality that the values for unit stress are well established. 
The values given follow standard praetiw. 

Maximum AUowahk Stmt^es on Structural Steel in Pounds per 
Square Inch: 


« 

A\i»l O'nHMHi net Hcrtion., . .16,0(K) 

Ikitulmg on extrena* filwr, UniMon .lUjlMX) 

Ik'iuliDK on €*xtrenje filnr, fouiprcssmn. . . lfi,(KK> 

Ik'nding on ext-rpine filx'r, of inna. 25,000 

Sh<'Hr on shop-driven rivoi s . 12,0(X) 

Hheor on field-driven rivets and 1 uraed ixjlt s 10,000 

Shear on rollod-steel shapes ... . 12,000 

Shear on plate-gnder webs.. . . 10,000 

Beuring on shop-driven nvets and i>ms . . 2.5,000 

Bearing on field-driven rivets and turn«*d bolt^ .. . 20,000 

Axial vomprcHsion on eohinins.. . 1H,(XX) —70-^- 

T 


In the above, I is tjiie length of the coluinn in inches from center to 
center of bearing, and r isj the lea>t radius . f g\ ration. The maxi¬ 
mum value allowed is 14,000 pounds per stpia. e inch. 

For wind pressure alone or crnnbiiied with gravity Ic^ad.s, the 
vjnit stresses may be 50 pair cent in excess of tl)(»He given above, but 
’the seefion must not be less than recpiict'd for the gravity hauls alone. 

The discussion under “rolunins” should be corjsulted regarding 
limitations of the use of the compression formula and the conditions 
under which higher and lower values are used. 

*Ca'st Iron. There is not such elose agreement among engiiwx^rs 
as to the unit stresses allowable on cast iron, ^'lie following values 
represent fairly well the current practice; the.\ are in [jounds pier 
square inch. 


*Axial tenaoD. ... .not aJlowetl 

Beiufing on nxtJNsme fiber, tc^naion 3,000 

Bending on extreme RImt, compr«*»8ion . , . 10,0tX> 

Shear. .. .. 2,000 

CSompeeamon... ^.... 10,000—60 ^ 
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The discussion of cast-iron columns should be consulted for 
limitations of values used and length of coliunns* These values are 
taken from the Building Ordinances of the City of Chicago. 

Masonry. As the ultimate bearing of steel work b on masonry, 
and as the bearing values are necessary in designing the bearing 
plates*and column bases, the values are given for the usual forms of 
masonry. The values below, expressed in pounds per square Inch, 


are taken from the Building Ordinances of the City of Chicago. 

Coursed rubbk‘, Porllund ceraont moHar.200 

Ordinary rubblo, Portland cement mortar. 100 

Coursed rubble, lime mortar. 120 

Ordinary rubble, lirnc mortar. 60 

PirstHjlass granite masonry, Portland cement mortar.600 

I^'irst-class hme and sandstone masonry, Portland cement 

mortar. 400 

Portland cement concrete, 1-2-4 mixture, machine mixed.400 

Portland cement concrete, 1-2-4 mixture, hand mixed.350 

Portland cement concrete, 1-2 J^5 mixture, machine mixed... 350 

Portland cement concrete, 1-2} ^-5 mixture, hand mixed.300 

Portland cement concrete, 1-3-6 mixture, machine mixed.300 

Portland cement concrete, 1-3-6 mixture, hand mixed.250 

Natural cement concrete, 1-2-5 mixt.ure.150 

Paving brick, mortar 1 part Portland cement, 3 parts torpedo 

sand.350 

Pressed brick and sewer brick, mortar same as above.250 

Hard common select brick, same as above.200 

Hard common select bnck, mortar, 1 part Portland cement, 

1 part lime, 3 parts sand . 175 

Common brick, all grades, Portland cement mortar. 176 

Common brick, all grades, good lime and cement mortar.... 136 

Common brick, all grades, natural cement meurtar. 150 

Common brick, all grades, good lime mortar.100 


The American Railway Engineering Association permits a 
bearing of $00 pounds per square inch on concrete, provided the 
area of^e pier is twice the area pf the base plate. The writer 
would allow thb high stress ohly when the concrete b properly 
reinforoed with hooping, similar to that used in hooped columns. 


RIVETS AND BOLTS 

Ordinary Sbes. The sizes of rivets vary in a genera! way with 
the thickness of Steel w}iicb4if6y connect In structural stedl work 

the sbes oommonly used are f inch, f inch, and | inch, thd*|-UKh 

1 ^ ' 
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being used much more than any other. In very li^t work 
l-jnch rivets are sometimes used and, in very heavy work, rivets 1 
inch, 1| inches, and II inches are uscxl. 

Rivets smaller than f inch are used when the sise of the mem¬ 
bers connected requires it, or when the thickness of metal used is 
chiefly I inch. |-inch rivets must be used in the flanges of fl-inch 
and 7-inch I-beams; 6-inc‘h and 7-inch channels; and 2-inch angles. 
|-inch rivets can be used in all of the beams, channels, and angles 
larger than the above sizes. |-inch rivets may be used in beams 
18 inches and larger, aiul angles 3 inches and larger. 

Another consideration that sometimes affects the sizes of rivets 
used, and concerns particularly the sizes larger than J inch, is the 
thickness of metal to be joined together. It is the general experi¬ 
ence in shops that satisfactory punching cannot be done when the 
thickness of metal is greater than the diameter of the hole to be 
punched. Of cobrse, it is possible to punch thicker material than 
this, but it is troublesome to do so because of the frequent breakage 
of punches. Consequently if most of the material to be punched i < 
1 inch in thickness, l-inch rivets will be used. 

Another approximate rule governing the size of rivets is that in 
general the diameter of the rivet shall be iK>t less than one-fourth of 
the total thickness of metal. 

The use of more than one size of rivet on a job is to be avoided 
as much as practicable on account of the trouble and expense of 
frequently changing the punches. It is esfiecially inconvenient to 
punch more than one size of hole or drive more than one size of rivet 
in a structural member. 

Slicing. There are a number of conditions that control the 
spadng of rivets. These have been developed into practical rules 
which are quite uniform among the various fabricating shops. 
Rivets spaced too dose together would cut out too large a percentage 
of the cross section of members. Rivets spaced too far apart cause 
a waste of material in connecting pieces. 

The specifications relating to rivet spacing,* p. 365, items 67 
to 63, are in accord with usual practice and should be followed. 

for Struetural Wofli of BuikHnK*” bjr C C. SohiMiilor, M Aip. Sens 
C. B., pwbaSiod la Tfmimietuim <4 (iU 8«outv of CMl VoL. LIT ifVHh UNlfi}. 
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The Ltiu is used to designate^ the spacing of 

rivet lines parallel to the axis of the member. For example. 
Fig. 49 illustrates the gage lines j)f beams, channels, and angles. 
Standard vahies are assigned in the hand-books to the gage lines in 
tilt flanges of I-beains an«l <*luinnels, and in angles. However, as 
maimfaeturers do not agree as to the gage lines of angles, values 
used by the American Bridge ('ompany are given. Table I. 

(tage lines in webs of la'ams and channels and in plates are not 
standard and are located according to reciuirements. 



Pitch. By the pitch of rivets is meant the spacing along the 
gage lines, Fig- 49. Some of rules for tins spacing are given in 
Schneider’s j^pecifieations j»eviously referred to. Note curefuUy 
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the provisions there given. The rule usually followed for the raini- 
mum pitch is,three times the diameter of the rivet. But this iniiil- 
mum should be used only when necessary, it b«‘ing ])referable to use 
a larger spacing of rivets under ordinary conditions. Three inches 
is desirable for f-ineh rivets, where this spacing does not involve 
the use of an excess of material in the connected pieces. Where no 
definite stress occurs in the rivet, as in built-up columns, or where 
the stress is small, as in certain portions of flanges of plate girders, 
six inches has been established os the maximum. In case there are 
two gage lines closer together than the minimum spacing allowt‘d, the 
rivets in the a<ljac*ent rows must alternate so that the diagonal <lis- 
tance between them will exceed the minimum by 40 j)er cent or 
more. 

Edge Disfance. If holes are punched too close to the edge of 
the metal, tlie tendency is to bulge out the metal and perhaps to 
crack the edge. This necessitates maintaining a certain distance 
from the edge to the center of the rivet hoh‘s. This distance must 
be greater in the case of a sheare<l edge, as of a plate, tlian is reqnin'd 
for a rolled edge, as the flange of a beam, nn angle, or a univers.n 
mill plate. The values commonly used are giv(‘n in .Schneider’s 
Specifications quoted above. 

In the smaller sizes of beams and chajuiels, the gafe<‘ distances 
do not comply with these specifications. The width of flange is 
not suflScient to permit the use of the full ‘dge distaiK*e and still 
allow necessary clearance from web to permit driving. On account 
of the danger that the metal will bulge out <»r crack along the edge, 
designers should trj^ to avoid using smaller than 10-inch I-beams and 
channels in a way ,that will n^quire flange punching. Instetul, 
web connections or clips and clami)s can generally be used. 

Clearance, A hole cannot be puncljed close against the web of 
an I-beam or close to the leg of an angle. A certain amount of 
space is required for the die. Of course holes can be drilled in any 
position, but this is not resorted to unless there is some particular 
reason for so doing. However, the punching of holes is not the 
limiting fcaiture in the matter of rivet clearance. The reciuired 
clearance is governed by the .size of the die u.sed in fonning the rivet 
Bead. The usual rule for clearance is one-Aoff the diameter of the 
riwf head pka ihree-eightha of an inch. The clearancx^s required for 
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various conditions for several sizes of rivets are given ui' Fig. 60i 
which represents the practice of the American Bridge Company. 



Fig. 50. Cleusnoe Allowed for Riveting 


necessary to be able to hold 
that tlie other end of it be 
It is sometimes Viecessary to ci 


Closely associated with the 
amount of clearance is the ac¬ 
cessibility for driving the rivets, 
Fig. 61. For power driving, the 
rivet must be so situated that it 
can be brought between the jaws 
of the riveting machine. For 
riveting with the percussion ham¬ 
mer (air hammer), it must be 
possible to hold on to one head 
of the rivet with a die while the 
other head is formed by the riv¬ 
eter. For hand riveting it is 
on to one head of the rivet and 
accessible for driving with a maul, 
it away flanges of I-beams or cut 


holes in the webs of box girders to make the rivets accessible for 


driving, Fig. 51. This matter is generally looked after in making 


shop drawings, but needs some attention in designing. 



Pig 51 DifBouit SituAtioas for Riveting 


Rivet JHeads. Manufdchire. Rivets are made with one head. 
This is done by heating a length of rivet rod to the proper tempera¬ 
ture and running it into the rivet machine. The madiine upsets 
the end (d the rod, making a head, and then cuts off the rivet to the* 
derired length. It is necessary that the dies in which the heads 
are formed be of proper size and be kept in perfect condirion in order 
to make good rivets. If the two halves of the die whkh grip ihd 
udes of the rivet do not fit diosdijr, some of ihe metal will be forced 
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Fig. 62. DofeoUve Rivoto 


V 

between^tihem, forming fins on the sides of the rivets. Fig. 52. If 
the comem of the die become rounded, a shoulder will be formed at 
the Junction of the shank with 
the head. Either of these de¬ 
fects will prevent the rivet head 
from fitting up tight against the 
plate, thus causing unsatisfac¬ 
tory, results when driven. This 
point is especially important in ^ 
tank work where the rivets must be water-tight. 

Button Head The shapes of the rivet heads vary among 
different makers, although these variations are slight. The type 
of head used in structural w'ork is called the “button head” to dis¬ 
tinguish it from the cone head which is used in tank and boiler work. 

Flattened and Countersunk Heads. It is sometimes necessary 
to flatten rivet heads for special situations in order to provide the 
required clearance for an adjacent meral)er. This flattening may 
vary from a slight reduction from the full thickness of the heed 
down to a flush or countersunk head. The different thicknesM’.s 
ordinarily used are f inch, J inch and J inch. A countersunk rivet 
is one in which the head is made in the form of a truncated cone and 
is formed by driving in a hole which has been tapered by reaming 
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so that the diameter at the outside is greater than at thelnside of 
the plate. Tlie sizes of rivet heads are shown in Fig. 53. "nie 
conventional signs for riveting are given in the handbooks. 

It is to be noted that countersunk rivets are not as strong as 
rivets with button heads and are much more expensive, conse¬ 
quently they are not used unless absolutely required by the condi- 



Fi< M IflO-Toi) Hydraulto lUv(>t4>r, 120-inch Gap 
Courtetu MacktulMh, Hemphtll (f Cumpany 


tions. A flattened rivet should be uset} in preference to a counter¬ 
sunk rivet; trut when a smooth surface is to be obtained, the head 
must be countersunk and chiiH>^ dush with the plate. 

Driving. Before rivets can be driven, the pieces to be joined 
must l)e assembled accurately in position and be held together with’., 
bolts. The%iumber of bolts u^ for ^is purpose will depend to 
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some ex^nt on the accuracy of the punching and the straightness of 
the piec^. If the several piet'cs are not held togethef, the metal of 
the rivet will lx* forced out between them, or the driving of adjacent 



rivets may draw the plates cU)ser together and loosen the rivets 
previously driven. 

Rivet holes are punched inch larger than the nominal size 
of the rivet for when the rivet is heated, it expands somewhat, 
making it necessary to have the larger size hole. The driving of 
the rivet must be done in such a w ay as to upset the metal of the 
•shank so that it fills the rivet hole solidly, even to the extent of 
filling out any irregularities in the hole, and then the |^utton head 
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must be formed on the driving side. As the rivet cools, it i^nks 
and thus grij^s the steel more tightly than when first driven. 




Riveting Machines in Shop. In the shop, rivets are driven with 
an hydraulic riveter, Fig. 64, or a pneumatic riveter. Fig. 55. The 



FiC B)7 Tlutte SufM in Fioeea> tti Rimting 

machine consists, essentially of a yoke which sp^s the members 
to be rivetf|fl» Fig. 56. On tbij^uter ahn of the yoke is a die 
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fits over the head of the rivet; the other arm carries a similar die, 
or rivet set, which pushes against the end of the rivet, upsetting the 
shank of the rivet and thus forming a head, Fig, 57. The power is 
applied by means of hydraulic or pneumatic pressure. The pressure 



Tig. 58. PneumAtto RjvptmK Hammer 
CmutMU CK\cago Pneumatw Tool Citmpany 


is held on until the rivet is partly cooled and has acquired enough 
strength so that the spring of the plates will not stretch it 

Pneumatic Hammer, Whenever the rivet is in such position 
that it cannot be reached by means of the power riveter, it is driven 



Us. £9. Ltgbt Motor-Driven Puneb 
CewiMV Maekintoak, BemphtU d Company 

with a pneumatic hammer. The rivet is inserted in the hole and 
hdd in place by means erf a die pressed against the head, the die 
being held in position by hand or by a suitable arrangem^t of* 
levePB, The pneuimitic riveter, or air gun. Fig. 58, c^ies a die, 
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or -set, for upsetting the rivet and forming the head. When the 
ix>wer is turned on, this machine delivers very rapid blows and thus 
performs the required work. Riveting in the field on the assembled 
structure is usually done by means of the pneumatic hammer. 

Ilaml Rirriing. Hand riveting is now used only 6n small jobs, 
the air gun being replaced by the sle<lge hammer. The rivet is 
first hammered down by blows from the sledges, then the rivet 
set is applied and sledgcfl to form the head to its proper shape. 

Perfect rivets can be driven by either of the above methods. 



Fig flO. Heavy Mt>tor*Dnve& Multiple Punch 
Courltnif of JWnrlitUoah, IfempAiU dt Company 


and Reaming. Rivet holes in structural steel work 
are ordinarily punched in th,e metal by means of a powerful punching 
machine. Figs. 59 and 60 showing examples of the single and multi> 
pie types, respectively. The essential features of the machine for 
doing this W'ork are.*a punch and a die. The die is usually about 
A; inch larger in diameter thair Hie punch. The two are placed 
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in the machine so that their axes are exactly in line. The 
plate is placed over the <lie and the punch is for(*ed through, thus 
shearing out a round piece. This resulting hole is not perfectly 
smooth. The degree of nmghness will do|icnd on the condition of 
the punch and die, and the amount of difference in their diam¬ 
eters. The metal around the hole is to some extent torn and 
distorted. 

For ordinarj' structural purposes the lioles are accurate enough 
and the damage to the metal so slight that no further treatment is 
needed, but in railroad striutures and sometimes for special cases 
of building work it is required that the hohvs be reamed. In such 
cases the hole is punched smaller than the size of the rivet—called 
“sul)-ymnching”—and it is then enlarged to the proper size by 
means of a drill or reamer. In railroad bridge construction, it is 
customid'v to ream all metal over | inch in thickness and to ream 
all holes for fiehl connections. In structural work h)r buildings, 
reaming is not required to such a great extent. Sometimes it is 
required on metal tlucker than } inc h aiul oh field connections of 
very heavy members where a slight inac<-uracy would t>cc-asi«)M 
sctIous incon^'^enienc<* in erecting. 

^Tiere the sexeral picc<‘s assembled together liave a thickness 
of more than four times the tiiarncter of the rivet, or where through 
any inaceuracy of punching the holes tio net matc'h accurately, the 
holes should be reamed to true them up; but i such eases they need 
not be sub-punched and the reaming only serves the j)urpose of 
trimming up the irregularities. 

As previously stated, the diamete/ of the rivet holt; as puncluHl 
is inch larger than the diameter of the rivet; but in order to take 
account of the injured metal in (oinputing the net section, the hole 
is figured J inch larger than the rivet. 

Functions of Rivets and Bolts. Rivets and Iwlts are used for 
fastening together the s«;veral sections usetl in building up the 
structural steel m«;mbers and for connecting the members together 
, ill the finii^ied structure. Rivets are alwaj's ^sed for this purpose 
unless there is some special reason for using liolts. Generally 
speaking, rivets are cheaper than bolts and for most purposes more 
^ective. They fill the holes full even though the hides may be 
slightly irregular in shape, and if driven tight W'ill remain so; wfaereiui 
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bolts, unless they are turned and driven tight into reamed holes, 
are apt to become loose after a time. 

The function of rivets is to hold one piece of steel to another 
and to transmit stress from one to the other. In so doing they^ 
must resist a bearing pressure and a shearing stress. 

In many cases the rivets are not subjected to any definite shear¬ 
ing or hearing stress, but simply serve to hold the steel sections 
together in built-up members. They are unquestionably subjected 
to some stresses, but it is not possible to determine just what these 
are. In such situations the spacing of rivets is governed by rules 
resulting from practical experience. ^ 

It sometimes happens that the direction of the stress applied 
to the rivet is along its axis, that is, the rivet is subjected to tension. 
It was formerly the custom to specify that rivets should not be 
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Fig. 01 DiaKTKiua Showins; Stresses in Rivets 


subjected to tension, but that bolts should be used in such situations. 
This provision was necessary when wrought-iron rivets were in use, 
as their heads could be easily broken off. Steel rivets are much 
more reliable in this respect and, if properly driven, can be sub¬ 
jected to tension as safely as bolts. 

Beartiq;* Fig. 61-a represents two pieces, m and n, riveted 
t(^th^, so that the stress (4(X)0 pounds) in m is transmitted to n. 
Fig. 61-b represents three pieces riveted together so that the stress 
(8000 pounds) in the center piece m is transmitted^ to the two out¬ 
side pieces I and n. 

The bearing on the rivet is the pressure exertid on it by the 
plate through which it passes. In Fig. fil-a the bearing from plate 
m is on the right half oi the rivet and from plate n on the l^t hatf 
ol the rive^ Although the adtuai beimng is on the curved surface. 
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i. e., one-half the circumference of the rivet, the area used in figuring 
is the projected area of this surface, L e., the thickness of the plate 
multiplied by the diameter of the rivet. For tlie plate w, the area 
is or .375 sq. in., and for plate n, f" Xi' or .281 sq. in. 

The unit stress allowed in bearing is 25,000 pounds per square 
inch for shop-driven rivets; thus the allowed values in bearing are 
for m 0.375 X 25,000 «937r># 

for n 0.281X25,000 = 7025# 

; Thestress actually transmitted is 40(X) pounds, and each bearing must 
\ be good for at least this amount, hence the bearings are sufficient. 

The actual bearings per square inch are 

for m 4000-5*0.375 = 10,000# 

forn 4000-5-0.281 = 14,200# 

; pBUBIJilM 

from the above data the allowabh* beanriK values for m and n and 
Uie actual befvrmg per equaxo inch on m and n for field-driven rivets. 


In Fig. Cl-b the stress is transmitted from the plate m to the 
plates L and n and divided equally between thtun. The bearing 
areas arc 


ferr/i rXf =0.375 sq. in. 

for I and n combined 2 Xl"Xf*' = 0.5025 wp in. 


The allowed bearing values on shop-driven rivets are 

form 0.375 X25,;H)0= 0375# 

for I and n combined 0.5625 X 25,0 X) = 14,005 # 

The stress actually transmittetl is 8000 pounds, so that the hearing 
for m is 8000 pounds and for I and n 4(X)0 pounds each; lienee, the 
bearings are sufficient. 

The actual bearings p<*r square inch are 

for m S0(K) 0.375 = 21,3(M)# 

for I and n combined S(KK)-5-0.5G25 = 14,2(K)#^ 

Pkobcikjii 

Compute from the above data the allowable bi'unngs for I, m, and n for 
ficld-dnven rivets. 


'7 

Shear. Referring again to Fig. 61-a, the forces acting on the 
two plates tend lb cut, or shear, the riv'et along tlie plane between 
the plates. This shearing action is resisted by the crosa-seetbn 


area of the rivets. 


This sectional area is -7-, which in this easels 

4 
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or 0.4418 sq. in. 


The unit stress allowed in shear 


on shop-driven rivets is 12,0(X) pounds per square inch. Then the 
allowable value for one |-inch rivet is 12,000 X0.4418 or 5802. This 
is greater than the actual stress applied and is sufhcient. 

The actual shear on the rivet per square inch of cross section is 


4000-5-0 4418 = 9054# 

PROBLKM 

Cotiiputc tiie shearing value of a J-inch rivet, field driven. 


In Fig. 61-b there is a tendency to shear the rivet along two 
planes^ i. c., on each side of the plate m. Consequently the shearing 
value of one rivet in this case is twice the value computed above, or 
2X5302 or 10,004 pounds, and is sufficient to carry the actual load, 
which is 80(K) pounds. The actual shear per square inch is the 
same as before, because both the actual load and the total cross- 
section area resisting it are twice as much as before, giving 

8000-J- (2 X0.441*8) = 9054# 

In the first case the rivet is in single shear, in the second case 
it is in double shear. It is clear that rivets should In? used in 
double shear wherever possible, provided the middle plate has a 
bearing value more than that of a rivet in single shear. 


PhOHM'.M^ 

1. C’oiuputo the Hhcar value fur shoiMlnvcn nvols of tho following Kizes; 
L li 4 ) »> ‘“I'l t nicti, n“4iK'Ptividy, for (.a), sirigU* shcat and (b) double shear. 

2. Compute simdar values for held-tlnven rivets 


Illustrative Example. In the case illustrated in Fig. 61-a, what 
thickness of plate n is requirt'd to make the bearing value equal the 
shearing value? The shearing value is 5302 pounds. The bearing 


area required is or 0.212 sq. in. 


The diameter of rivet 


being 0.T5 in., the tliickness requiretl to gi\ e the required area is 
0.212 sq. ill.-f-0.75 or 0.2S3 in. The next higher commercial size 
is 0.3125 in. or A in* thick. 


PaOBIiEMS 

1. In the case illustrated'in Fig. 61-b compute the thickness of plate m 
required to midce the bearing value equal the shearing value. 

2. Compute thickness of plates whose bearing valued correspond to 
the ringle shear values of i-4n., f-i^ i-in., and l-in. rivets. Compute the same 
for double shear values. 
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3. How many f-in. riwts, fioW clriven, singlo sh<'ar, art^ roquirwi trans* " 
mit 175,080 poundH’ 

4. How many J-in. rivots, field driven, double shear, are wiquirtHl to 
transmit 100,000 pounds? 

5. Assume shop nwts in ilouble shear, middle^ plate i-in. thiek. How 
many S-in. rivets an' wimriti to tninsinit 235,(KK) pounds? How tluek must 
be the outside plates? 

The designer can readily fix in min(| tfie thickness of plates 
which give bearing values corresponding to the shear values of the 
rivets, then it will be necessary to compute only the shearing values. 

Friction. If the plates are held together when the rivet is 
ilriven, the shrinkage in length as the rivet cools will exert consid¬ 
erable pressure. This makes the riveted joint develop a frictional 
resistance, which is additional to the shear and the bearing resist¬ 
ance. The amount of this friction has not been accurately deter- 
minetl. Furthermore, it may have no ^'aIue if the rivets are not 
tight, (\nisequently, no account is taken of the friction in figuring 
the strength of rivetisl joints. 

Tension. Specifications <lo not usually assign any value to 
rivets in tension. While their use in this manner is to be avoided, 
they may be so iiseil when eoiuHtions require it. The unit stn v, 
allowable is the same as for shear. (See p ”>1). 

Rivet Tables. The handbooks contain tables giving the shear¬ 
ing and bearing values of riv(‘ts. These tables cover several values 
of unit shearing stress and unit bearing tcss. They give the 
diameter of rivet, area of cross section, single shear, double shear, 
and the bearing for various thicknesses of plates. 

PHOBLEM 

Ilofin' io Ihe rivet labitsi and clus’k all'the ♦•xamfilcrt and problem* that 
have iMvn giv<*n. 

If the handbook does not contain tables based on the unit 
stresses given herein, prei>are such tables and keep them for future 
use. ]Most handbooks have blank page's in the back part of the 
l>ook for such use.* 

Investigation of Riveted Joints. The theoretical strength o7 a 
riveted joint involves three elements: the be^aring value of the 
rivets; the shearing value of the rivets; anti the area of the section of 
ni(|!tal after deducting rivet holes. 

*Tli« atudrat idiould beconw fttnulur with all tha tablen i^vna la the handbook raUtlac to 
livata and bolt% 
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In a perfect design these three elements would be equal in value, 
but this ideal is rarely reached. Most frequently it is the shearing 
value which determines the strength of the joint, next the bearing 
value, and least frequently the section of the metal. 

Illmtrative Example. Fig. 62 illustrates a splice of two plates, 

each 7" X I". Rivets f*' diameter, field driven. 

* 

(k) Using all of the ten rivets, 

Shear value 10 X4418 = 44,180# 

Bearing value 10 X5G25 =56,250# 

Tension value at (1) 6 J X | X 16,000 = 36,750# 

Tension value at (2) 51X | X 16,000 = 31,500# 

Loss of tension value between (1) and (2) = 5,250# 

As this loss is more than the amount transmitted from m to n by the 


'”__L 
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Fig «2 Dtagraminatio Vjewa of a Rivatcd Joint 

rivet at (1), the entire tension value at (1) is not available and the 
strength of the joint is the tension value at (2) plus the shear value 
of the rivet at (1), or 31,500+4418 = 35,918#. 

(b) Now consider that the rivets at (1) and (7) are omitted. 

* Shear value 8 X 4418 = 35,344# 

Bearing value 8X5625 = 45,000# 

Tension value at (2) 5i X | X 16,000 =31,500# 

The strength of the joint is the tension value at (2), i, e., 31,500#, 

(c) Next consider that the rivets (4) are omitted. 

Shear value 8 X4418= 35,344# 

Tension value plus shear value of rivet at (1) as 

.. above=35,918# 
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The strength of the joint is the shear value 35,344 jjjl. 

(d) Finally omit the rivet at (3). 

Shear value 9 X 4418 *= 39,702 ^ 

Strength of joint same as in (a) *=35,918^ 

From the above it is clear that the maximum strength of the joint 


.— NFT SFCTfON -- 



frtGHT WHONG 

F n C3. Diagranm Shnwiiiff Uiitht and Wrong ArrnnK<'iri'-nl of Rivet 
IIulcjR in Tfnmciii Mcmlicrn 


that can be mode in tliis case is 35,918 pounds. It rocjuircs 9 rivets 
as in (d).- Nearly the same strength can be '.ccfired with 8 rivets as 
in (c), 35,344 pounds. 



a»Sum of gagt‘8 inuiuM thickiu^us of angle 

ftivetis can be iaJeen at loM than for 
?■»* It*vets 

r*atts\ 1' Rivets can be taken at more than for 
Rivets 


4? ffOLS9 OUT I W Rivets 

64 . Btatcor oT Rivsti Beqoind to Midntwa Net aeotion, 
Awn "Slaniiarda/or DtUtiUne'* Amtntun Brvioa Compang 
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The important point to be observed from this example is the 
difference between (a) and (b); the loss of section 1^ rivet holes 
shouhl l>e made as gradual as possible. 

Phobli-'m 

Go throiiRh the ofwTations of the above example on the basis of shop rivets. 

Net Sect}(M. The holes in angles can usually be arranged fo 

that only one need be deducted 
with two or three rows, and two 
with four rows. This is not 
always true for the large angles. 
Fig. 63 illustrates the right and 
wrong arrangement of holes in a 
number of cases. Fig. 64 illus¬ 
trates the pitch of staggered 
rivets required to maintain the 
net section. If the joint is in 
compression no deduction is made in the cross section on account 
of rivets, and the rivets need not be staggered unless required for 
minimum spacing. 



IJ 

Kg. 65. Two Anglrii AUaclied to a 
(tussol Plalu 
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Fig 6H. Side and End View of a Riveted Hanger 

Problems 

1. • Fig. 65 l^hows two angles in tension to be connected to a gu^t plate 
with shop nvots. Determine the following: 

Size of rivets **■«.- 

Net secUon of angles 
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Texision valuo of net t9ect.ion 

Thickness of gusset plate to develop the full double shearing value 
of the rivets 

Number of nvets 

Locate gage line and space the riv^'ts 

Draw plan, elevation, and section of joint at J-inch Kcalt* 

Note. The oonnoction illustrated is jioor on account of secoinlary stress, 
p. 234. It IS used only for practice. 

2. Fig. 66 shows a hanger connected to the imdeiside of an I-Iwun. 
The hanger is made of 2 Ls 4''X3'Xi'' and carries a Uvul of 65,000 
pounds. Determine the following; 

Size of rivets 

Total section of two angles 

Net section of two angles after deducting one rivet hole from t‘aoh 
Whether section is sufficient for the load applied 
Thickness of gusset plate to develop the double shearing value of rivets 
Numb»‘r of shop rivets to connect lug angles to in'un tinglcH (assume 




that one-half of load is transmitted through the lug rigle.s) 

Number of shop rivets to coniii'it hanger 1o gU'.M't plate 
Number of shop rivets to connect gusset plate to top angles 
Number of field nvets (in tension) to connect (op angh>s lo I-ls lun 
Make draw'ing at -J-inch scal(‘, shownig all diincnHions and nvet spacing 

Give page numbers of handbook for all references used in the above opt'ra- 

tions 

3. Fig 67 shows the standard end eormei-lion for a 15' I 42//. What 
is the strength of the connection? 

Bolts.* The foregoing discussion of rivets applies also to bolts, 
except as to stresses allowed and as to bolts in tension. 

Turned bolts fitting tight in reameil holes have the .same values 
as field rivets. Machine bolts should be allowed only tliree-fourtlis 
the unit stresses of field rivets, i. e., 7500 {Kiunds per square inch 
shear and 15,000 piounds per square inch lK‘aring. 

*Tfae Mudent should obtain a catalogiw from a bolt manufactuMr and baoome familiav 
wah the standard and special bolts on Use market. 












72 


STEEL CONSTRUCTION 


In general, the use of bolts in the permanent structure should 
be discouraged, being limited to locations where it is impracticable 
to drive rivets and to connections where they serve simply to hold 
the members in position and do not transmit stress. Tlie cost of 
using turned bolts will prevent their use where rivets can be used. 
But machine bolts are cheaper than rivets for most field connections 
and their use must be forbidden except in cases where they are 
suitable. 

Turned Bolts, Turned bolts, as the name indicates, are turned 
to exact diameter in a lathe. The holes for turned bolts must be 
reamed after the members are assembled, or both members must 

be reamed to fit the same tem¬ 
plate. The reamer must have 
the same diameter as the finished 
bolt so as to give a driving fit. 

Washers must be used under 
both the head and nut. Refer 
to Fig. 68 and note that there is 
a fillet under the head. If the 
washer is not used, this fillet will 
prevent the head from bearing 
against the plate. If the tHread 
is cut long enough to allow the 
nut to bear against the plate, the 
thread will extend into the hole; 
hence a washer is used so thaf 
the thread need not be cut so long. After the nut is drawn up 
tight, the threads should be checked with a chisel so that it cannot 
become loosened. 

Machine Bolts. Machine bolts are made from rods as they 
come frolh the rolling mill and arc not finished to exact size. They 
do not fill the holes fully. Their principal use is for assembling 
material in the shop or in the structure, preparatory to riveting. 
They may remain in the finished structure if not subjected to shear, 
^uch a case is a beam resting on another* 

BoUs in tension. When a bolt is used in tension, the net area 
available to resist the stress is the area at the root of the thread. 
For example, determine the iensUe strength of a f-inch bolt. Re^ 



l‘iK OS. Part Section of Bolted Joint 
ShowiUK Fillet Under Bolt Head 
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femng to the handbook, it is loimd that the diameter at the root of 
the thread is 0.62 inches. From this, the area, if not given in the 
table, can be computed and is found to be 0.30 sc|[uare inch. Then 
the tension value is 0.30 X 10,000 or 3(XX) pounds. 

Two nuts should be used on bolts in tension to prevent stripi- 
ping the threads, and the threads should be cheeked after the nuts 
are tightened. 

Length of Rivets and Bolts. The grip of a rivet or bolt is the 
thickness of the material through which it passes. The grip esti¬ 
mated is the nominal thickness of metal plus inch for each piece 
of metal. 

The length of rivet required for a given case is the grip plus the 
amount of stock required to form the head and for filling the hole 
when the rivet is upset. The lengths required for various grips are 
given in the handbooks. 

The length of bolt required for a given case is the grip plus the 
thickness of the washers, plus the thickness of the nut (or two nuts 
if in tension), plus ^ inch. 
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PART II 

•BEAMS 

Definitions. A beam is a structural member siil)jcctetl to a load 
applied perpendicular to its longitudinal axis. Ikually the beam is 
ill a horizontal position and the load is applied vertically downward. 
It is supported at the ends (unless it is a cantilever). The space 
between the supports is the span. , 

The w'ord beam is a general term wliich applies in all oises to 
a member subjected to bending by a transverse load, irresjM'ctive of 
the use to which it is put. There are a number of special terms 
which have reference to the position or use of the beam. 

A joist is a beam which supports tlie floor or other load liirt 1 1. 

A girder is a beam which supports one or more joists or otiier 
beams. 

A lintel is a beam ivhich supports the wall above an opening 
therein. 

A spandrel beam is one which suppor' < the masonry spandrel 
between the piers of a wall. 

Elevator beams, sheave beams, stair stringers, crane girders, 
etc., are used for the purposes indicated by their names. 

* BuiU-up beams are usually called ^^girders” irresjicctivc of their 
uses. There are plate girders, box girders, beam box ginlers, etc. 

The span of a beam is the distance betw'ccn supports, or, in the 
case of a cantilever, the distance from the support to the end of the 
beam. 

Classification. Beams are classified as simple and restrained. 
A simple beam is one which has a single span aiul merely rests on its 
supports, there being no rigid connection to prevent normal l>eiiding. 
A restrained beam is one which has more than one span or is rigidly 
txmnected at one or more supports, or otherwise prevented from 
normal bending. Fig. 69 illustrates a simple beam and several 
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forms of restrained beams, showing in an exaggerated way the forms 
they assume when bending under load. 

Although most beams in steel construction are somewhat 

* 

restrained by their end connections, they are treated as simple 
beams in designing. Beams extentling over more than two supports 
are very rarely used in building construction and are not considered 
in this text. Cantilever beams occur in the form of a beam pro¬ 
jecting from a support to which it is rigidly attached, and in the 
form of a beam spanning from one support to another, and pro¬ 
jecting beyond one or both supports. 

Sections. The structural steel section most used as a beam is 
the I-beam. It is designed for this purpose and is the most eflScient 
form in which the steel can be made for resisting bending. Chan¬ 
nels, angles, and tees are used only to meet some sfwcial condition. 
The built-up or riveted girders imitate the I-beam and are used for 




Fik WI Simple, Cantilcvi r, unci Ilcstraiucil Ileanifl 


loads which are too great to be supported by the rolled section. 
This part of the text deals only with rolled sections. Riveted sec¬ 
tions are given later. 

REVIEW OF THEORY OF BEAM DESIGN 

Factors Required in a-Complete Design. The complete design 
of a beam requires the computation of the bending moments and 
shears resulting from the assumed loading, and of the resisting 
moment, shearing resistance, and deflection of the beam section 
which it is proposed to use. The resisting moment usually governs. 
Maximum Bending Moment. The resisting moment based on 
the allowable unit stress must be equal to or greater than the maxi¬ 
mum bending moment. As the section of the rolled beam is the 
same from end to end, its^i^stance b constant throughout its 
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length. Hence, it is necessary to compute only the maximum 
bending moment. The position and amount of the maximum 
bending moment are computed later in the text for various conditions 
of loading, 

• Maximum Shear. The shearing resistance based on the allow¬ 
able unit stress must be equal to or greater than the maximum 
shear. The shearing resistance of the rolled beam is constant 
throughout its length. Hence, it is necessary to compute only the 
maximum shear. The position of maximum shear in single span 
beams is always adjacent to tlie support which has the greater 
reaction.' 

Deflection. A beam subjected to bending stresses must have 
some deflection, and, under certain conditions, tlie amount of this 
deflection must be limited. For example, the floor section, Fig. 70, 
shows that the deflections in the joists were so great as to cause a 
bad crack in the marble floor above the steel girder. 





J>'} 
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Fig 70 Floor Sot lion Showing Crui'k Ovor Girdor, Duo io i)i fltclion of .ToibIb 


The definitions and methods of computing bending moments, 
shears, resisting moments, shearing resistance, and deflection are 
given in ^‘Strength of Materials.” The student should review 
those topics before proceeding with 'this text. The following brief 
discussion may help to fix in mind the important points. 

Flexure. It is a matter of common observation that a loaded 
beam deflects or sags between the supports. This is most evident in 
wood beams, but is true of beams of all materials. This deflection 
stretches the fibers at the bottom of the beam, i. e., produces tension; 
and shortens the fibers at the top of the beam, i. e., produces com¬ 
pression. Somewhere between the top and the bottom the fibers 
are neither stretched nor shortened, hence there is no stress; this 
,place is called the “neutral axis” and passes through the center of 
gravity. In I-beams and channels the neutral axis is at mid-depth. 
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This is also true of rectangular wood beams. The intensity of 
stress—tension or compression—corresponds to the amount of defor¬ 
mation—lengthening or shortening; hence, the intensity varies with 
distance from the neutral axis, being zero at the neutral axis and 
maximum at the extreme fibers* at the top and bottom. This is 
illustrated in Fig. 71. The stress on the extreme fiber—not the 
average stress—governs in designing. The working or unit stress 
allowed is 16,000 pounds per square inch in both the tension and the 
compression flanges. (See Unit Stresses, p. 51.) 

In Fig. 71 assume that each arrow represents the stress on a unit 
area, the length of the arrow representing araouiit or intensity of the 
stress. To find the resistance of the beam to bending it must be 
remembered that the resisting moment is the sura of the moments 



Fig. 71. QraphionI Rfprcspntatiou of StressfD lo 
the Fibere of a Beam 


of all stresses about the neutral 
axis. Under Strength of Beams, 
in “Strength of Materials,” Part 
I, it is shown that the resisting meS- 
ment is expressed by the formula 



in which M is resisting moment in inch-pounds; I is the moment of 
inertia in terms of inches; c is the distance from the neutral axis to 
the extreme fiber in inches; and S is the maximum fiber stress, that 
is, the stress on the extreme fiber in pounds per square inch. From 
this formula the resisting moment of the beam can be computed. 

Assume a 12" I From the handbook the value of I is 

215.8. The distance from the neutral axis to the extreme fiber is 
6 inches. The allowable unit stress on the extreme fiber is 16,000 
pounds per square inch. Then 



16,000 X215.8 
6 ” 


= 575,467 in.-lb. 


When the unit stress S, resulting from a given bending moment, 
is required, the formula is transposed into the form 



*'rhe term extreme fiber U correotly used in relation to wooden beams as wood ia a fibrona 
material. Steel ia not a fibroua material butterm expreeaaa the idea dearly and ia ganerdly' 
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Assume that the bending moment is 500,000 inch-pounds and that 
the beam is 12'' I 31^^, then, 

S= 13.900# 


Vertical Shear. Fig. 72 illustrates a beam with a heavy load 
applied close to one support. There is a tendency for the part on 
the left of the vertical plane uo to slide downward in relation to the 
part on the right. This is prevented by the shearing resistance of 
the beam. This shearing tendency exists throughout the length 
of the beam but is greatest near the supports. In this case the 
maximum shear is adjacent to the right support at a a and is 
assumed to be 45,000 pounds. It is resisteil by the strength of the 
steel at this section. The average stress ovt'r this section is the 
total vertical shear divided by the area and is expressed by the formula 


c - ' 




I , _□ 

^ j* 

FrK 72 DiaKrain lIliiHtniHnK Shi nr oo n Ik'iiD 


in which S, equals shearing 
stress per square inch; V equals 
total vertical shear; and A equals area in square inches. 
Hut it can be shown that the shear is not uniform over this area, 
being zero at the extreme fiber and a maximum at the neutral axis. 
The exact maximum value is difficult to compute, but it can be 
determined approximately by assuming ti it the entire shear is 
resisted by the web of the beam (see Resisting Shear, “Strength of 
Materials” Part II); then the above formula is used, making A equal 
the area of the W'cb in square inches,. In this case assume that the 
beam is 12" I 31The area of the web is ap[)roxiinately 12"X 


.35" =4.2 sq. in. Then = ^ or 10,714 pounds per square 


inch. The allowable value given under Unit Stresses is 10,000 
pounds per square inch, and the beam is over-stressed in shear. 

If it is desired to compute the maximum resistance to shear for 
this beam, the formula is put in the form 

V=S,XA 

and for this case 

V =10,000 X 4.2 = 42,000 # 

A beam subjected to an excessive load would not fail by the 
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actual shearing of the metal along the plane a a but by the buckling 
of the web. This has been taken into account in establishing the 
unit stress. 

Deflection. As previously stated, a beam which is subjected 
to bending stresses mu.st deflect a certain amount. The amount of 
deflection depends on the load, the length of span, and the section 
of the beam. It is expressed by the formulas: 

(1) For a uniformly distributed load 

d- ^ 

♦ 384 El 

(2) For a load concentrated at center of span 

1 wr 

^ 48 EY 


in which d equals deflection in inches; IF equals total load in pounds; 
I equals span in iiiches; I equals moment of inertia; and E equals 
modulus of elasticity equals 30,()0(),(X)0. 

Modulus of Elasticity. The modulus of elasticity is the ratio of 
the unit stress to the unit deformation. If a piece of steel one inch 
square and ten inches long is subjected to a tensile stress of 20,000 
pounds, the unit stress is 20,000 pounds per square inch. The steel 


is elongated about 


150 


inch and, therefore, the unit deformation, or 


the elongation of one inch in length, is 


1500 


inch. 


Then the ratio of 


unit stress to unit deformation is — = 30,000,000. This ratio 

“isoo" 

has been determined by experiment. It is the same for both tension 
and compression. Other materials have other values. 


CALCULATION OF LOAD EFFECTS 

Unifonnly Distributed Loads. The flrst step in designing a 
beam is to determine the-bending moments and shears resulting 
from the assumed loading. The methods of computing them are 
given under External Shear and Bending Moment, ^‘Strength of 
Materials,** Part I. 
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Joists, The loads on joists are usually distributed uniformly 
along the length of the beam. Assume that the simple beam. Fig. 
73, has a span and supports a load of 800 pounds per 

lineal foot. 


Total load = IF =17.5X800 
= 14,000# 

Since the load is uniformly distri 
buted, the reactions are equal: 

7f,=fl,=l )r=lM!’2=7ooo# 



FIk 73 "Diagratn of Bottm IJuifornily Londod 


The maximum shear occurs adjacent to each support and its 
amount is the same as the reaction, hence and \\ have tlu‘ same 
values as R^ and 

The maximum bending moment occurs at the middle of the 
span and has a value 


M=I{,X~-WX~ 

/(,X^%^ = 700()XK.75 =(il,250ft.-lb. 

§ IF X = 7000 X 4.375 = .30,025 f t.-lb 

M = 30,02') ft.-lb.=:{07,500 in.-lb. 

The formula for this bending moment is 

\ W L= J X14,0(X) XI 7.5 = 30,025 ft.-lh. 

Cantilever Beam. Fig. 74 represents a cantilever bcjiin support¬ 
ing a uniformly distributed load. Assume 
the length L of cantilever to be S'-O", 
and the load, 800 pounds per lineal foot; 
then 

TF = 8.75 X800 = 7000# 

R,= 7000# 

The maximum bending moment is at 
the support, and therefore 

1/ = IFX f * 7000 X4.375 = 30,625 ft.-lb. 

A 

Compare these results with those obtained for the simple span 



-L-a-sf" 

Fig. 74 Diogrttm of Cantilawr 
Uniformly Loaded 
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having tlie same load per lineal foot. The span is one*half as much, 
while the shear and the bendihg moment are the same. 

CoinhiiuiHon Simple and Cantilever Beam, A beam resting on 
two supports, projecting beyond one of them, and supporting a uni¬ 
formly distributed load is represented in Fig. 75. Assume the 
&i>an L between supports to be the length X' of the canti¬ 

lever to be 8'-9", and the load 800 pounds per lineal foot; then 
W = (800 X17.5) + (800 X8.75) =21,000# 

The reactions must be determined by the method of moments. 
Take the moments about R^. For the positive moment the lever 
arm is the distance from R^ to the center of gravity of the entire 
beam, viz, 13.125 feet; therefore 

Positive moment = 21,000 XI 3.125 = 275,625 ft.-lb. 



FiK 75. An Uvorbaugum B«ain with Shear and Moment Diosrains 


The negative moment must equal the positive moment; then 

RjXX=275,625 

and the value of i?, is found by dividing the positive moment by the 
distance X'bet'ween supports. 

275,625 




^' 17.5 


Therefore 
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Now since the sum of the reactions must equal the total load, the 
value of jRj can be determined by subtracting /?, from W; then 

= 21,000 -15,750 = 5250 # 

This value of jR, can be checked by taking moments about /?j. 

The position of the maximum shear is not self-evident so the 
shear values must be computed. = 5250. Proceeding toward the 

right, 800 pounds is deducted for each foot, so the shear Invomes 
zero at 6.5625 feet from /?,; continuing to u point just to the left 
of i?j, the value of the shear is 

rj = 5250-(800Xl7.5) = -8750# 

Continuing, to the right, add the value of then the value of the 
shear is 

-8750-+-15,750= +7000# 


Continuing, the shear reduces at the rate of 800 pounds per lineal 
foot, becoming zero at the end of the cantilever. The above values 
are shown graphically on the shear diagram. 

The maximum positive bending moment is between and /fj 
at the same position as the zero shear. Its value is 


^+5250X6.5625 = +34,448' 

. - 800 X 6.5625 X = -17,224 . 


+ 17,224 ft.-ll). 


The maximum negative bending moment is at /f,. Its \alue 
computed on the right is 

-800X8.75X^—= - :i0,025 ft.-lb. 

oi computed on the left is 

>5250X17.5 =+ 91,875 

. =-.30,025 ft.-lb. 

800X17.5X^=-122,.500 

The moment diagram can be constructed by computing the values 
at points one foot apart and plotting the results. From this dia¬ 
gram it will be noted that the bending moment change.s from po.sitive 
to negative at the point x. This is called the “point of contra^ 
fiexure” and in this case it is located 13.125 feet from R^, 
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It is usually easier to compute the bending moment for simple 
spans uniformly loaded from the formula 



and for cantilevers from the formula 



For the combination span illustrated above, the maximum negative 
moment may be computed from the cantilever formula. But the 
maximum positive moment cannot be expressed in a simple formula 
and must be computed by means of the summation of moments as 
illustrated. 

EXAMPLES FOR PRACTICE 

1. A joist has a span of 21 feet. It supports a floor area 
5^ feet wide. The floor construction weighs 115 pounds per square 


i! 
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Fig 70 Unifornilv l>oad(*J Beam Overhanging at Both Enda 

foot and the live load to be supported is 50 pounds per square foot. 
Compute the .shear and bending moment. 

2. What are the maximum shear and bending moment for a 
total load of 80,000 pounds uniformly distributed on a span of 8 
feet; 10 feet; 12 feet; 14 feet; IG feet? What is the ratio of the 
bending moments for the 8-foot, and the 16-foot spans? 

3. Compute the maximum shears and bending moments for a 
beam supporting a uniformly distributed load of 1,000 pounds per 
lineal foot on a span of 8 feet; 10 feet; 12 feet; 14 feet; 10 feet. What 
is tht ratio of the bending moments for the 8-foot and 16-foot spans? 

4. Compute the maximum shears and bending moments for 
cantilevers from the data given for the preceding problem. Com¬ 
pare the results with those for the simple beam. 

6. Fig. 76 represents a beam extending beyond both supports. 
Its load is 600 pounds per lineal foot. What is the maximum 
shear? What are the bending moments at and R,? What is 
the maximum pK)sitive btshding moment? 
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6. Construct the shear and moment diagrams for the preced¬ 
ing problems. 

7. Given a span of 20 feet and a bending moment of 50,000 
foot-pounds, what is the total uniformly distributed load? 

^^’^^^''^-=20,OCX)# 


S. Given a span of 18 feet and a bending moment of 72,(KK) 
foot-pounds, what is the load per lineal foot? 

Concentrated Loads. Girders in floor construction usually 
re(*eive their loads at points 
where joists connect. 

Simple Beam. Vig. 77 rep- 
resents a simple beam supporting ^ 




'J n 
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the concentrated loads 
and P^. The loads are 

60,000# 

P,= 80,0(X)# 

80,000# 

P*= Fig 77 Simple Boain witli ConcrDtrBtod 

Total load - 270,00(7# 

To determine the reaction JL, take moments about ]i^‘ 



3X()0,(KX) = 180,(X)0 
7 X 80,000 = 560,000 
11X80,000 = 880,000 
15 X50,000 = 750,000 


2,370,000 ft.-lb. 

Similarly, to determine the reaction /?„ take monwiits about /C,: 

2 X 50,000 = 100,000 
6 X80,000 = 480,000 
10 X 80,000 = 800,000 
14 X60,000 = 840,000 

2,220,000 ft.-Ib. 

130,588# 

Therefore fl,+fl,=I30,588+139,412 =270,000# 

which checks with the total load. 
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The maximum shear occurs at the left of and is 139,412 
pounds. By constructing the sheai* diagram, it is found that the 
shear passes from positive to negative at P,. This position of zero 

shear establishes the point of maximum 
moment. Computing the moment from 
the loads and reaction on the left 
gives 

+7X130,588 =+914,116 
-4 X 60,000 =-240,000 


8 


^5-0" -* 


1 

wm 



Fig. 78 Cantilever Beam with 
Concentrated Louda 


+674,116 ft.-lb. 


Computing on the right gives 
+ 10X139,412 = 

- 4 X 80,000 = 320,000 

- 8 X 50,000 = 400,000 


+1,394.120 
- 720,000 


+ 674,120 ft.-lb: 


Cantilever Beam. Fig. 78 represents a cantilever supporting 
the concentrated loads and P^- 

li = P 1 +P 3 = 30,000+40,000 = 70,000# 

The maximum shear is 70,000 at the riglit of R. Zero shear is at 
the right of Pj. 

The maximum bending moment is at R. It is 

-4 X 30,000 =-120,000 
-9X40,000= -360,000 

-480,000 ft.-lb. 

Simple Beams on Two Supports and Projecting at Both Ends. 
Fig. 79 represents a beam resting on two supports and projecting 
beyond both of them. It supports concentrated loads as shown. 
The laads are 

P,= 15,000# 

P,= 15,000# 

P,= 15,000# 

. P*= 15,000# 

P,= IbfiOOi 
P,» 30,000# 

Total r(^=105,000# 
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To determine the reiwjtion JR„ take moments alnmt li^: 
0X15,000 = 00,000 

4X15,000 (P,) « 60,000 
8X15,000 (PJ =120,000 
12X15.000 (Ps) =180,000 
16 X30,000 (P.) =480,000 . 840,000 ft.-lb. 
- 4X15,000 (Pj) = -- (>0,000 

Moment of reaction Pj= 780,000 ft.-lh. 



Fig, 79. Overhanging Besin with Conccntrutfd Hh« ur 

and Mumeni. I^iugraniit 


iti 

To determine the reaction 7^,, take moments about 
0X15,000 (7^j)= 00,000 
4X 15,000 (7g= 60,000 
8 >^15,000 (7",) = 120,000 
12X15,000 (7%) = 180,000 
16X 15,000 (P,) = 240,000 600,000 ft.-lb. 

- 4X30,000 (P,)= -120,(KK) 

« Moment reaction P}= 480,000 ft.-lb. 
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Therefore 

/?^ = 1§!?|?9=4(),000# 

The shear values are 

= 15,000 

Kj = 10,000 

F,-20,000 
= 30,000 

Zero shear occurs at P^. 

The bending moments are maximum negative at J{^ and If, and 
maximum positive at P^. Their values are 

at if, M= -4X15,000= - 00,000 ft.-lb. 

at if, -4 X 30,000= - 130,(K)0 ft.-lb. 

('+4X40,000 =+100,000 
at i’a 4/ = i -4X15,(K)0= - 00,0(K) 

1-8X15,000 = -120,000 - 20,CK)0 ft.-lb. 

From the last result, it develops that the bending moment at P, is 
minimum negative (not considering the ends of the cantilevers) and 
not maximum positive. Hence there is no reversal of moment in 
this case. The moment diagram shows this 

EXAMPLES FOR PRACTICE 

1 . Solve the preceding case for the following loads: P,= 

10,000#; P.,= 10,000#; = 15,000#; P, = 20,lK)0#; ^^ = 20,000#; 

Pg=l5,(K)0#. Construct the shear and moment diagrams. 

2 . What are the maximum shear and bending moment for a load 
of 40,000 pounds at the center of an 8-foot span? Of a 10-foot 
span? Of a 12-foot span? Of a 1+foot span? Of a Hi-foot span? 
What is the ratio of the bending moments for the S-foot and IG-foot 
spaii^ 

Compare these results with those from the second problem 
under uniformly distributed loads and note that the bending moments 
are the same though the uniformly distributed jload is twice the 
concentrated load. 

3. Compute the shear and bending moment for two loads of 
40,000 pounds each, placed.-at the third points of a IG-foot span; at 
the f][U^rter points. Compare wUh the preceding problem. 
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4. A load at the center of a 2()-foot span produces a bending 
moment of 200,0(X) foot-pounds. What is the load? 

5. Two equal loads at the 
quarter points of a 20-foot span 
produce a bending moment of 
100,000 foot-pounds. "What are 
the loads? 



Combined Loads. 


TTnflf*r Simple Dram wifVi T’luformlv Distribu* 

u i^oad over I'url of Span 


^'combined loads” are considered 


the combinations of uniformly distributed and concentrated loads, and 
of uniformly distributed loads on parts of sj)ans. In computing 
moments in these cases, the uniformly distributed loa<l may be con¬ 
sidered as concentrated at its center of gravity, Fig. 80, unless the 
center of moments is within the 
space occupied by the load, in 
which case the parts of the load 
to the right and to the left of the 
center of moments must be con¬ 
sidered as concentrated at their 
respective centers of gravity, fik 81 Simpio Urnin with Variable Ixuul 
Thus, if the center of moments 

is at or the concentrated load P is used; but if the center 
of moments is at 0 the concentrated loads aiul P^ are used. 
The same principle applies if the distributed kail is variable instead 
of uniformly distributed, Fig. 81. 

Full Length Distributed Load 
and Concentrated Load. Fig. 82 
illustrates a beam with a uni¬ 
formly distributed load full 
length and a concentrated load, 




as shown. 

Total load = 10,000 (u.d.) 

+ 10,000# (con.) = 20,000# 

Moments about if, are 
10X10,000 = 100,000 
15X10,000=150,000 

250,000 ft.-lb. 



K, 82 Simple Uottin with t'oiformly Diatribi»> 
tfd Load ovpr EBtini I^poittb nad Om 
C oiiioontratod htiA # 


9 ^ 
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Therefore R, —’ 12,500# 

R,=20,000-12,500 = 7500# 

Maximum shear is 12,500#. Zero shear occurs under the 
load J*. Hence this is the point of maximum bending moment. 
The bending moment computed on the right is 
+5 XI2,500 =+02,500 
-2|X5X500= - 6,2.50 

50,250 ft.-lb. 

The bending moment computed on the left is 
+ 15 X 7,500 =+112,500 
- 7^X15X500=- 60,250 

50,250 ft.-lb. 



Kig 83. Siiuplv Bifam with Two of l^niformly Distnbutcd Load 


Two Uniformly Distrilndcd Loads Not Overlapping, Fig. 83 
iHustrf^tes a beam with one uniformly distributed load on part of its 
length and another load on the remainder, as shown. The total load 


on the beam is 


14 X 600 = 8400 


7X1000 ° 7000 
Total load = 15,400# 
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Moments about JR, are 

7 XS400 = 58,800 
17itX7000== 122,500 

181,300 ft.-lb. 

Therefore = 8633 

Moments about i?, are 

31X7000= 24,500 
14 X84(K)=1]7.(»00 


142,100 ft.-lb. 


Therefore /?=0707# 

^21 ' 

R,+R,=0707+8633 = 15,400 # 
INIaximum shear is 8033. Zero shear occurs at a point 


0707 

COO 


or 


11.28 feet to the right of I{^. Hence this is the point of maximum 
bending moment. 

The bending moment computed on the right is 


+9 72 X 8033 = +83,013 

-^-4^X2.72X000= - 2220 


- 0.22 X 7000 = - 43,540 - 45,700 


+.38,153 ft.-lb. 

The bending moment computed on the left is 
+ 11.28 X6767 +70,332 

_ 31^ X11.28 X 000 =-38,100 

+38,100 ft.-lb. 

Tu'o Bistrihuted Loads and Concentrated Loads. I'ig. 84 illus¬ 
trates a beam with one uniformly distributed load for part of its 
length, another load for the remainder, and a concentrated load as 
shown. The total load on the beam is 

" u.d. 12 X 1,000= 12,(X)0 

u.d. 4 X 500 = 2,000 

concentrated = 10,000 

Total load =24,000# 
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Moments about arc 


10000 '* 



Fig 84 Hiiniilu n<uiii with Mu(<d Luucls 


6X12,000 = 72,000 
12X10,000=120,000 
14 X 2.000 = 28,(XK) 


Therefore 


220,(K)0 ft.-lb. 




16 


i:i.750# 


IMomcuts about are 

2 X 2,000 = 4,(X)0 
4X10,0<H)= 4(),0(X) 

10 X12,(X)0 = 120,000 

164,(KK) ft -lb. 


I'herefore 




^.000 

16 


= 10,260# 



Fig 85. Simple Beams with Variable Loads 


Maximum shear is 13,750#* 
Zero shear occurs at 10.25 feet 
fnun R^. Hence this is the 
pt)irit of maximum bending mo¬ 
ment. 

The bending moment com¬ 
puted on the left is 

+ 10 25 XI 0,250 =+105,062 
- 5 125X10,250=- 52,531 

52,531 

ft.-lb. 

This value is to be checked by 
computing the bending moment 
on the right. 


EXAMPLES FOR PRACTICE 

1. Compute the bending moments for the loads illustrated in 
Fig. 85. Compare results with a uniformly distributed load. 

2 . A beam 20 feet long- supports a load of 250 pounds on the 
first 5 feat. 400 pounds on the second 5 feet, and 3fi0 pounds on the 


m 
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remainder. What is the maximum shear? What is the position of 
the maximum bending mtmient? 

3. What is the bending moment on an I-beam 15"'X42jlj^X30 
feet long, due to its own weight and to a load of 14,000 pounds con¬ 
centrated at mid-span? 

Typical Loadings. Tabular Data. When the shear and the 
bending moment can be expressed in simple formulas, it is easier to 
compute from the formulas than from the detailed calculations just 
illustrated. Table II has been compiled for this purpose. It gives 
the common arrangements of loailing and the foriniilas for end reac¬ 
tions and maximum bending moment for ea(*h case. 

Column 1 gives diagrams of the arrangement of the loa<ling. 

Columns 2 and 3 give the end reactions which, for all the cases 
given, are the same as the end shears. When the loading is sym¬ 
metrical, the reaction is the same at both ends and is one-half the 
total load. When not symmetrical, the v'alucs differ at the two 
ends and l)oth are given. 

Column 4 gives the maximum bending moment. 

Column 5 gives the distance in feet from the left support to 
the point of maximum bending moment. 

The symbols used are: 

1 C = total uniformly distributed or variable loads in pounds 

P = single concentrat'd load in j>ounds 

L = span in feet 

Z/, = distance from support to center of gravity of load on canti¬ 
lever beams 

M = bending moment in foot-pounds 
= reaction at left support 

Z?j = reaction at right support 

X = distance from left support to position of maximum bending 
moment 

Simple Loads. WTien a load on a simple beam is symmetrically 
placed, whether uniformly distributed or conc*entrate<l, the reac¬ 
tions are equal, and the maximum bending moment is at the center 
of the span. 

For a simple beam, irrespective of the manner of loading, the 
maximum bending moment and zero shear occur at the same point. 
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TABLE II 

Reactions and Bending Moments for Typicid Loadings 
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TABLE 11—<Continued) 

Reactions and Bending Moments for Typical Loadings 
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The point of zero shear is important only as the easiest means m 
locating the place of maximum bending moment. ' , 

For a cantilever beam, irrespective of the manner of loading, the 
maximum bending moment and maximum shear occur at tjbe sup- 
pK)rt. 

Illustrative Examples. To illiisl^rate the use of Tatde II, assume 
a beam 18 feet long to be loaded from the left support to the middle 
at 320 pounds per lineal foot. 

ir =9X320 =2880# 

= = 31^=9X2880 =2100# 

r, = /f, = lir=lX288() = 720# 

M = IT'L = ^ X2880X1S = 7290 ft.-lb. 

Moving Ijoads. It is sometimes necessary to huow what ix)si- 
tiori of a moving load will produce the maximum bending moment in 
a beam. If it is a single concentrated load, the maximum occurs 
when the load is at the center of the .span, as in item 16. Compare 
items 1(), 17, and 19. if there are two concentrated loads, as the 
wheels of a traveling crane, the position jiroducing the maximum is , 
shown in item 23. As there indicated, one load h \ D distant on 
one side of the center of the sj)an and the other is | 1) distant on the 
other side. The maximum bending moment is at the load nearer 
to the center. 

Illustrative Example. Assume two crane wheels spaced 5'feeC 
centers, each loaded with 10,(KK) pounds, span 20 feet, to find maxi¬ 
mum bending moment. From the formulas ' 

7?j = 8,000# and i?, = 12,'0()0#; X = 8 ft.^ 

Max. 3/ = 8 X8000 = 64,000 ft.-lb. 

Beam until Two or More Loadings. A beam may have two or 
more tif the loadings illustrated. The respective reactions for the 
combined loads' are the sums of the corresponding reactions for the 
separate loadings. This applies in all casest The maximum bend¬ 
ing moment for the combined loads is the ^m of the moments for 
the separate loadings, provided the positions of the maxilmims for 
the seinarale loadings are ike sHime. Gk^erally this condition occurs 
only when all the load% are aymmetrical about the center of the 
span, or for cantilever bea&b. 

' 9 » 
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EXAMPLES FOR PRACTICE 

' 1. What IS tlie bending moment of a coneeutrated loud of 
89,000 pounds at the center of a span long? 

2. What are the shear and bending moment of a load of 21 ,(KK) 
pounds at the quarter point of a span 19 feet long’^ 

3. A bedm is loaded at 750 pounds per lineal foot on the two 
epd-thirds. What is the bending moment? 

4. A beam carries & uniformly distributed load of LS.tKK) 
|)ounds and a center Ioa«l of 90fK) pounds. Span 10 feet. What 
are the reactions and maximum bending moment? 

5. A crane girder has a span of 20 feet. The whe(‘l load is 
30,0(K) pounds. The wheel base is 10 feet. Whut is the ]>ositii»n of 
loads for maxiqnum bending moment? What is the amount of the 
maximum bending moment? 

CALCULATION OF RESISTANCE 

Factors Considered. Having determined the shear and liending 
moment to which a beam is subjected, the next sti'p, logically, is to 
' determine the dimensions of the section which will resist tlusn. 
The resistance to hemling is first provuhsl for, as this usually govern?, 
in the design of the rolled beam section. Then the shrariiig resist¬ 
ance is compared with the shearing stress to make sure that it is 
sufficient. To investigate the resisting rnonii’iit in comjdete detail 
woim require the following operations: 

" (1) Asbume maximum unit strchs/aj exlifiur 

(2) Assume section of bcum, and eonipuo* its iiuniwnt of men in 
O'l) flWin these values compute the resist mu innnicnt of (ho 
assumed section 

f4) Compare this resisting moment with the bending inomcnt 
(5) llcfK'at the operation until a resisting nioineiit is found which 
equals or slightly cxci*ed8 the bending nioincnt 

This procedure, with some additional steps, is followed in the 
case of riveted beams, but for rolled beams the tables in the hand¬ 
books and elsewhere give resisting moments and various other 
properties of the sections so that the operations are much simplifie<l. 

Resisting Moment. The resisting moment of any beam is 
determined from the formula 

c 
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as stated on p. 78 and demonstrated under Resisting Moment in 
“Strength of Materials” Part I. This formula may be changed to 
the form 

c S 

which stated in words is 

momcni of inertia _ rrAuting m oment 
one-half the depth unit stress 

Section Modulus. In the expression just given - is called the 

c 

“section modulus,” (p. 39). Its values for I-beams, channels, and 
angles are given in the handbook. Since the resisting moment must 
be equal to or greater than the bending moment and, since the value 
of the unit stn*ss has been established, the value of the section 
modulus can Iw' computed and the section selected from the tables. 
For example, the allowable unit stress in bending on the extreme 
fiber is 1(),0(K) pounds per square inch; assume a beam subjected 
to a bending moment of 100,000 foot-pf)unds; since the section 
modulus is in terms of inches, the bending moment must be expressed 
in inch-pounds and for this case becomes 1,200,000 inch-pounds; 
then the section modulus required is 

c s ib,(M)o 

Referring to the tables for I-beams it is found that the section having 
the nearest higher value of the section modulus is 

ir/ I 00# 

Kxprehsc<l in simple wonls the operations are; 

(1) Multiply tlie bending moment of the beam by 12 to reduce it to inch-pounds. 

(2) Divide this by IH.OOO to di'tennme the required section modulus. 

(3) From the tables select a section vihuiM' section modulus is equal to or greater 

than the required value. 

Tfdndar Values for Resisting Moments, For a given unit stress 
each section has a definite resisting moment which is computed from 
the formula 

M--S- 

c 

The values of the resisting'^moment are not given in all of the hand- 
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books. They are piven in Table III, based on a unit stress of 10,000 ^ 
pounds per square iiicfl, and expressed in foot-p<nindit. Tliis shortens 
the ‘operation of selecting a section, it being necessary only to 
choose a section whose rt‘sisting moment is equal to or greater than 
the bending moment produced by the load on the beam. 

For example, assume a bending moment of 30,025 ft)ot-pound3. 
Referring to Table III, the beam having the nearest higher resisting 
moment is 10" I 25^, whose resisting moment is 32,.'SIX) foot-pounds. 

If the load on the beam is uniformly distributed, the eonipii- 
tatioiis may be still further shortened by means of ta})les gi\ eii iti 
the handbooks. These tables give the safe loads uniformly dis- 
trihutctl for various lengths of spans. The Carnegie handlmok bus 
formerly given these values for I-heains, <*hannels, angles, tees, and 
zees in ions hut in the 1913 edition they are gi\en in ihonsmuls oj 
pounds. The Cambria handbook gives the valu(‘s for I-heams and 
channels only and e\i>resses them in pouruls. For example, a beam 
20 feet long support^ a load of 700 {)oimd'> p«‘r lineal foot, 'i'he total 
load is 20x7lM)= 1 hOOOfjl. From the tables the size of beam 's 
found to he 10" I 30f5^. 

EXAMPLES FOR PRACTICE 

1. Two angles are required to support a load (»f 4200 pounds 
uniformly distributed on a span of (> fe<»t. Detonninc the s<*etion. 
by means of tlie section modulus. 

2. A channel having a span 12'-0" long is required to support 
a concentrated load of 17,900 pounds at the rnidille point. What 
section is requirtxl? 

3. Determine the sizes of beams recpiired fc^r the conditions 
given in the problems on p. 97. I’se tlie simplest of the three 
methods given above, and check the results by one of the other 
methods. 

Applicalum of Tables in Concentrated IjOwLh. Ry careful 
study of the moment factors given in Table 11, the designer can 
adapt the tables in the handbooks for uniformly distributed loads 
to other forms of loading. Thus a cf)ncentrat<vl load at the center 
of a span produces the same beiuling moment as a uniformly dis¬ 
tributed load of twice the amount; then to use the table select a 
beam whose (;iq>acity is twice the amount of the concentrated load. 



TABLE Ill 
Strength of Beams 

I-Bearaa; H-Hwtions, Cbannclfl; Angles; and Tees 
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TABLE 111 (Continued) 

Strength of Beams 

X-Bcaata; H-Sections; Channels, Angles; and Tees 


Hesisting 
Moinpiit 
Buwrd on 
I nit Strnw 
or IG,<XK) 
Lt> i>9r 
Sil- ineb 



SlimriUK 
Rcantanrs 
of Web 
at 10,000 
Lb per 
|!!(| Inrh 


Strongth 


Btatulard 
End (.'uu- 
noi'tioni' 
AmwieaD 
Bridge 
Co, 1011 


Extreme length 
for Dettvrtion (or 
l*l!wt«r«d Ceiliuxn 
Limit 1 iUO B|>an 


I I’uuiidx PouihU 


2(1,500 








3*1 74f? 
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29 

27 

25 

H-8'-34.0i4/ 
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4'-I.3.6 
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2,'iOO 
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25,2(X) 26,1CX) 
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TABLE Ilf (Continued) 

StrenKth of Beams 

X-Beams; H-Sections; Channels; Angles; and Tees 


K>f;Tl()N 


Moment 

Inertia 

I 

Section 

Mortulus 

J_ 

c~ 

do 1* 

(In)» 


l.r c 55# 
40 
45 
40 
:i5 
33 

12' C 40// 

:i5 

:io 

25 
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430 2 
402 7 
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Sq Inch 

Ft-Lb 
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61,7(X) 

56,900 

55,600 

122,700 
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93,300 
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«),000 
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of 

‘’iAinlard 
End Con¬ 
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Bridge 
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Eatreme Length 
(or Detleation (or 
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to Full to Half 
Caiiaeity (Capacity 
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5.700 
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2,500 
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4« 

II 

II 

If 
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II 
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If 

4f 
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II 

il 
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If 
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If 
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II 

If 
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14,700 15,800 
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if 
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TABLE 111 (Ccmtinued) 

Strength of Beams 

I'Beama; H-Sections; Chauif^; Angies; and Tees 





































































TABLE III (Continued) 


Strength of Beams 


1-Beams; H-Sections; Channels; Anghis, and Tern 
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TABLE III (Continuod) 
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TABLE 111 (Continued) 

Strength of Beams 
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TABLE III (ContinuMi) 

Strensth of Beams 

X'Beanu; H-Hwtioiu; Chanufllii; AngliM; Mid T«<*8 
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This can be applied to designing girders for floor panels. Fig. 
86 shows a section of floor with several arrangements of joisti. 
>Vhen the girder length is divided by the joists into an even number 
of spaces as 2, 4, and 6 in (a), (!)), and (c), respectively, Fig. 86, the 
bending moment on the girder is the same as if the entire panel load 
were uniformly distributed over the length of the ginler. When the 
girder length is divided by the joi'>ts into an o<ld number of spaces 
as 3, 5, and 7 in (d), (e), and (f), resiH'ctively, the bonding moment 
is Usa than if the entire panel load were unifonnly distribute<l ove»’ 
the length of the girder. 

pROBI.KM 

'J'o prove? thf foregoing stiiO-tncnth, anhUiiM* panels 20 scpuiro and 8 
loud of 100 pound.s jkt Bcjuan; foot Comput<* tin* Ix-iidinK inotn«‘nls on thv 
girder for all the cnsc6 jlliu)trat<?<.l in Fig. 86 



Fig 80. Dmgrams of Girilpm .Showing T\p<"« of Joist Spuiing 


Shearing Resistance. It has been stated, p. 79, that the maxi¬ 
mum shear in a beam section can be determined approximately by 
assuming that the entire shear is resisted by the web of the beam. 
For this purpose the area of the web may be taken as the total depth 
of the beam multiplied by the thickness of the web. Then the total 
resistance V is the area of the web A multiplied by the allowable 
unit shear S, and is expressed by the formula 
^ V^AXS, 

The unit stress allowed is 10,(XK) pounds per square inch. For 
example, to determine the shearing resistance of a 12' I 40^: 

A= 12X0 46 =5 .')2 sq. in. . 
then ]’«5.52X10,000 = 5.V200# 

Phobusm 

Refer to the problems given^ttialer bending reuistunce. Compute the 
aliearing resistance of the beams and compare with the maximum shearmg stress. 
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The shearing resistance is usually much in excess of the amount 
required. It need not be investigated unless the span is short or 
unless a heavy load is applied near a support so that it prodiit'es a 
small bending moment and high shear. The values of the shearing 
resistance of beams are given in Table 111. By the use of this table 
the shearing resistance of the beam which has been selected can be 
compared with the computed maximum shear on the beam. 

Of more importance is the strength of the standard end mnnee- 
tums for beams. These are discusse<l in a later section of this text. 
Their values are given in Table III. In all cases the strength of the 
connection is less than the shearing .strength of the beam. Hence, 
the strength of the e<innection must be <u)inpare<l with the maximum 
shear on beams. If the standard connection is not strong enough, 
a special one must be devised and the strength of the web investi¬ 
gated. 

Deflection. The deflection of a beam may be of as much 
importance as its strength. If its amount is noticeahh*, it gives 
the impression of weakness. This is especially true when it sl-ows 
a definite change under the application ami removal of live load. 
If the beam deflects unduly, it will cause cracks in the supjiortisl 
material. The most common results of too much deflection are 
cracks in plaster under the middle of joist spans and cracks in tile 
or concrete floors over the ends of joi N where they connect to 
girders. This is .shown in an exaggerated way in Fig. 70. It is not 
uncommon to find such unsightly cra<‘ks in the tile or marble floors 
of high-grade buildings. It has been determined exj>erimentally 

that plaster will crack when the deflection i^ ; ; of the span, i. c., 

1 inch in 30 feet; but a much lower \aluc should be used for masonry 
and for marble floors and ceilings. 

Deflection Formulas. Deflection formulas (p SOj are as follow.s: 

f) 117® 

for uniformly distributed load d — -'~ rz 

F I 

* ) WP 

for load concentrated at center d = ---~ 

4S K I 

in which d is deflection in inches; W is total load; I is length in 
indies; E is modulus of elasticity; and I is moment of inertia. 
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To illustrate their use, assume a 12" span 15 feet, or 

180 inches, load u. d. 25,000 {nmnds. Tlie value of I for this hc^m 
is 215.8. Then 

V 180X 180X180^ 

384^ 30,(K)0,(‘X)OX215 8 " 

If we chanjfe the load from ii. d. to concentrated 

, 1 _25,(KX)X180X180X180 

d -— - •• —- -' 0 4 / 

48 30,tKH),(XM)X215 8 

A comparison of the results shows that the deflection is 1 6 
times as inucli for the concentrated load as for the uniformly dis¬ 
tributed load. If both the al)o\e loads are applied at the same 
time, the total deflec'tion is the sum of the two amounts computed 
above, i. e., 

d = 0 29"+0 47"=0 76" 

Formulas are given in the handbooks for other forms of loading, 
but as they are not usetl often they are not given here. (Concentrated 
loails witliin the middle third may be treated as if at the center, and 
if outside the middle thinl, as if uniformly distributed. The results 
from this approximate methtxl will be reasonably close to the cor¬ 
rect values. 

Safe Span Length, Baseil on a maximum deflection of of 

360 

the span, and on a unit stress of 16,0(X) pounds per square inch, the 
permissible span is Ho times the depth for a uniformly distributed 
load and lij.6 times the depth for a center load. Tliese relations are 
correct for sections symmetrical about the neutral axis, as I-l^eams 
and channels. They err on the safe side for uiisymmetrical sections, 
as angles and tees, and may be used for them. These values should 
be considert'd the extreme lengths for beams loaded to their full 
capacity, it is preferred that shorter lengths be used for several 
reasons: viz, notic'eable deflection is objectionable; the greatest 
practicable stiffness is desired; deflection causes st‘condary stresses 
in the connections. 

The handbooks, in their tables of “Safe Loads Uniformly Dis¬ 
tributed for I-l)eams”, limit the span length for deflection to 24 
times the depth. *1116 designer must use his judgment in this 
matter, giving consideration td ihe conditions of loading. A om- 
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venient rule for a ti. d. load is 2 feet of length for each inch of depth 
(24 times the deptli); and for a ccMitcr load IJ feet of lenglh for 
each inch of depth (16 times the depth). Table III gives the max¬ 
imum allowable spans for these ratios, based on a unit stress of 
16,000 pounds per square inch. If, however, the unit stress is less 
than 16,(KX) pounds, longer spans may be used. 

In most eases the beam section required to resist the bending 
moment comes well within the limiting length for deflection. It is 
only ^^hen a long span has a relatively light load that deflection 
must be considered. This condition o<‘curs most frequently in joists. 
Girders rnrtdy have cxcessiv'e deflection. 

To illustrate such a case, assume a beam of .‘10-foot s])an sup¬ 
porting a load of SOOO pounds u. d. The bending monuMit is 110,000 
foot-pounds, w’hich requires 10^ I 26^. The length of this beam is 
o6 times its depth, therefore the tlcflection will be excessive. If it is 

decided arbitrarily to make the depth of beam of tin* si)an, the sec- 

24 


tion required is 1.7' I 42^. This beam, if loaded to full capacity, 
would deflect just to the allowed limit. Hut the resisting m<»nient 
of I.")" I is 70,(KK) foot-j)ounds, more than twice the bending 
moment computed abo\e, lienee its defleet ion being in direct pro¬ 
portion to the load is less than half that allow'ed. Assume that the 

deflection must not exceed 1 inch, i. e., ^ - of the span. Then try 

.ioO 

12*^ I ^ and compute the deflection from the formula 


5 5 .Sf)00>^.360X.‘166X.‘l()() 

384 El 384^ 3(),(KK),iKX)X21.'> S 


As the .computed deflection is less than the allowed amount, the 
12-ineh I-beam is satisfactory. 

The problem can be solved directly instead of by trial. 'IVan.s- 
form the equation to the form 

j 5 5 800()X360 X 360 X 3G0_. , 

384^ Ed 384^ 3d,0(J0",(XX)Xl 

The beam having a value I next higher than 162 is 12" 13H §. The 
handbooks give explanations and tables for aiding the solution of 
this problem. 
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Attention is called to the fact that usually a joist receives a 
considerable jK*rccntage of its load (the floor construction) before 
the plastering is <lone. It has already deflec’ted in proportion to the 
load it has received. It is only the subsequent loading and the 
resulting deflection tliat may CTack the plaster. Consequently, the 


total ileflection miglit be much greater than 


times the span and 
300 


still not cause trouble Nevertheless it is best to keep within this 
limit 

The situation regarding marble or concrete floors is quite 
different. Fig. 70 illustrates in an exaggerated way the joists in 
two panels, coniu'c ting to a cross girder. It takes butlittle deflection 
to cause cracks in the floor over the girder. No definite limit of 
(h'fleci ion has been determined for this ease. The writer has ob- 
served an instance where the deflection appeared to be less than 

J inch in a siian of 24 feet (about No definite suggestion can 


be made for taking care of this difficulty other than to make the 
joists as stiff ns practicable within a reasonable eost. Probably this 
trouble can best be eliminated by the use of elastic joints in the 
floor over the girder. ' . 

Problem 

What I-hoataisro(iuii'*’‘l to supfiort a u (t load of 4o(M) pounds on a span 
of 21 feet, tlu- fK*iiiii!>.sihlo dollis t lun being * ^ inch? 


Lateral Support. If the top flange of a beam is not supported 
laterally, it is in much the same condition as a column. It is then 
not capable of supporting the full load giv’en by the beam formula. 
In many cases where the lateral support is not furnished by the floor 
coustnietion, eonueeting beams, or otherwise, it can be supplied by 
means of tie rods or struts instTted for that purpose. When no 
such lateral support eaiv be provided, the allowable loatl must be 
reiluct'd. 

The handbooks contain tables wdiich give the proportion of the 
total load that may be used for various ratios of length to width of 
flange. They piTmit the full load w'hen the unsupported length is 
less than 20 times the width. 

To illustrate the use of these tables assume a 12^ I 31 i# 20 feet 
long, supported laterally at the'center. The unsupported length is 
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10 feet, or 120 inches. The width of flange is 5 inclies. Then the 

120 

ratio of length to width of flange is -—- = 24. In the Cambria 

5 

handlMHik, the allowable load is 04 per c*ent of that given by the 
beam formula, 

In Table III, the extreme lengths arc given for beams without 
lateral sui)port when loaded to full capacity anti when loaded to 
half capacity. Intermediate values can be interpolate<l. 4'he 
lengths gi^'en are, respectively, 20 and (K) times the flange width. 
In allca^cs beams must Itai'e lateuil support at the end bearings. 

pHonr.EMs 

1. Whftt is fbe saft> resist ini? moment of an S' I IS^ on a 12-fo\>t span wlien 
the top flange has no lateral support? 

2 The requireil resistma iiioineiit of a beam is 42,000 fiKit-jKiunds, its 
unaupiioifed length is 12 feet. VVjiat I-beam is requin*d? 

PRACTICAL APPLICATIONS 

Panel of Floor Framing. Fig. 87 illustrates a typical flof^r 
panel in a building. It is desired to inxestigate the various possible 
arrangenuMits of framing for this panel. Assume that the d<>ud 
loarl on the joists is 80 pounds per .stiuure fcn^^including the weight 
of joists (but not the weight of the girders and their fireproofing); 
assume that the Ine load is 100 pounds jn r .square foot on joists, 
and 8.5 pounds per square foot on girders. 

tieheme («). Scheme (a) places the girders on the longer span 
and di\’ide& the panel into 4 parts. The joists are spaced .'>'-41" t*. c. 

Area supported by one joist'KiX 5’ =80 sq. ft. 

dead load on one joist SOX 80 = 0880 
live load on one joist 80X KK) = 8000^ 

Total load 15,480^ 

This total load, 15,480 pounds, i.s uniformly distributeil on a span 
IG feet. The table of safe loads in the handbook indicates 10" 
I 25#. 

Tlie girder carries the reaction of the joists on each side and the 
weight of itself and of its fireproofing (assumed at 200 pounds per 
lineal foot). On the theory that the whole floor wdll not be loaded 
at one time, the live load on the girder is taken at 85 pounds per 
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Tig 87. A Panel of Floor Framinc 
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f 


squaYe foot. The length of span is taken at 20'-0*' (allowance Iw'ing 
made for the width of the column). Tlien the loads on the ginler 
are as indicated in the figure and the bending moments are 


for u. d. load 


4100 X 201 
8 


= 10,r»(X) ft.-lb. 


for concentrated loads 


/+21,28;”)X101=21S,171 
1^-14,11)0X 53 =-70,271 


Total l)ending moment 


-=T4UK>0 

= 152;4tX) ft.-lb. 


From the table of resisting moments, p. 100, 20*^ I 05^ is indicated. 

Scheme (6). Scheme (b) places the girders on the longer s])un 
and divides the panel into 3 parts. This requires ff)r the joists 
12 '^ I and for the girders 20" I (55^. 


EXAMPLES FOR PRACTICE 

1. Determine the sizes of joists and girders required h)r scheme 

(c) . 

2 . Determine the sizes of joists and girders rerpiired for scheme 

(d) . Note that the girders are to be made of two I-beams. This 
makes the span of the joists 15'-4". 

3 In scheme (e) the girder is jjlaced '»n the shorter span, as 
shoA\n. Its net length is lo'-O". Determine the sizes of joists and 
girders. 

4. Determine the sizes of I-beams required for .scheme (f). 

5. In scheme (g) it is desired tef make the joists and girders 
the same depth. This makes it necessary to use two I-beain.s for the 
girder. What sections are required? 

6 . Investigate all the beams in the foregoing problems as to 
shear, deflection, and strength of standard end connections. 

7. Compute the weight of the I-l>cams requir€*d for one pajiel 
for each of the above schemes. There is one girder for each panel, 
and one joist for each divi.sion of the panel, i. e., four joi.sts for 
scheme (a), three for scheme (b), etc. The weights for scheme (a) are 

4 10" I 25#X15'-11"=1592# 

1 20" I 65#X20'- 6" = 1333# 

8. W^hich scheme requires the least weight of steel? 
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Choice of Scheme. A number of considerations will affedt the 
final decision as to the scheme to be adopted. The character of 
the floor construction will limit the spacing of the joists. It might 
eliminate schemes (b), (c), (d), and (f). The thickness of floor 
construction may be important, in which case scheme (a) would be 
preferred as to joists and scheme (g) as to girders. The thickness 
of floor may affect its cost and also tlie (lead load to be carried by 
joists, girders, and columns, making the thinner floor preferable on 
this account. A flat ceiling may be required over the entire area, 
in w'liich case scheme (g) is applicable. 

PnonLEM 

A B[>a(50 14 wide and 100 f(Tt. long is to floored ovor. This floor is 
to be supported by joists resting on brick side walls The fUatr const ruction la 
such that the joists may Ik* spaci'il not more than 8 feet c c Total load 200 
pounds per square foot, Dt'terinme the most economical si/o and spacing of 
joists. 

Lintels, nat-tnpped oi)enings through brick walls require 
lintels to support the masonry above. Brickwork, after it has 
hardened, will arch over such openings, the part of the brickwork 
below the thrust line of the arch being held in place by adhesion of 
the mortar. But there must be some support w'hile the mortar is 
green, or the arch action may be destroved by settlement, making 
a permanent support ncc‘essary. The amount of the load on lintels 
is uncertain. Each case must be decided according to the condi¬ 
tions. 

Types of Construction. In h'ig. SS several cases are illus¬ 
trated. 

Case a is an opening with a solid wall above and at the sides. 
A satisfactory rule in this case is to figure the weight of brickwork 
w ithin the triangle whose base equals the w'idth of op)ening and whose 
slopes are 45 degrees. 

Inj?ase h the shaded area might be entirely supimrted on the 
lintel over the lovrer opening. 

Case c represents a spandrel wall betw'een piers. The height of 
the brickwork is less than the width of the opening. The entire 
weight of the spandrel should be supported on tlie lintel. 

In addition to the weight of the brickw'ork, the lintel may have 
to support the epd of a girder as in case d, or it may have to support 
some floor area as in case e. > - 



STEEL CONSTRUCTION 


117 


Case / shows a section through a wall in which the outer course 
of brickwork is supported by a lintel and tlie remainder by an arch. 

In the following problems assume the weight of brickwork to 
be 120 pounds per cubic foot. Then for each superficial foot of wall 
the weight is 10 pounds for each inch of thickness. 




in 



EXAMPLES FOR PRACTICE 

1. Design lintel for cased, span 4 feet, wall thickness 9 inches. 
Use 2 Ls. The horizontal legs of the angles should l)e or 4 inches 
wide to support the brickwork properly. See Table 11 for formula 
for bending moment for this condition of loading. 

2. Design the lintel required for conditions given for case b» 
Assume that the channels cany the entire load. “ 
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3. What section of I-beam is required for tiie lintel in casec?' 
Neglect the value of the plate on the bottom of the beam. 

4. In case d assume a load of 20,000 pounds from the girder in 
addition to the weight of brickwork. What section of I-beam and 
channel are required? Neglect the value of the angle. 

5. In case e assume a load of 2000 pounds p)er lineal foot in 
addition to the weight of the w’all. W^hat section of I-beam and 
channel are required? The span is the same as for case e. 

0 . Determine the angle required to support the face brick 
across a 5-foot opening. (Case /). (The back is supported by 
brick arches.) 

Cantilevers. Tig. 80 shows a beam projecting be> ond the wall 
of a building, that is, a cantilever beam. The projection is 6 feet 



Fig 89 CantiU*vi*r Conutruotjon 


from the face of the \^all. Tlie load to be suspended from the end 
of the cantile\cr is 10,000 pounds. Within the building the beam 
ser\ es as a girder on a span of 10 feet. As such it supports a dead 
load of 1000 pounds per lineal foot and a live load of 1700 pomids 
per lineal foot, 

pROaiiKM 

Cotnpuio, from the data given above, the reactions and construct the 
moment and shear du^trams for each of the three following combinations of 
loading and determine tlie I-beam required: 

(1) Dead load and live load 

(2) Dead load and suspended load 

(3) Dead lofid, live load, and suspended load 

Tank Support. Fig. 90 illustrates the framework for supporting 
a wood water tank. Thq.^Aank rests on 4*X6' wood sub-joists^ 


188 






STEEL CONSTRUCTION 


119 


spaced about 18 inches center to center. These in turn ^est on 
steel joists. The load on the steel joists may be considered aa 
uniformly distributed. 



To compute the volume and weight, use the outside dimensions 
of the tank. (Assume the weight of water to be G2.5 pounds per 
cubic foot.) This will give some excess w’hieh will be sufficient to 
cover the weight of the steel beams. On this basis 

volume = cu. ft. 

4 

weight *2125 X62.5*132,800# 
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This can be used as a check on the sum of the partial loads. The 
lo-ui per square foot f<ir 10 feet of water is 16X62.5 or 1000 
pounds. 

Pkoblkmh 

1. l^uy out an a.SHumf'd plan of the framework and the outline of the tank 
ncourately to scale. Dctemiine the area 8ui)porU‘d by each beam by measure- 
meriLs from the scale dra\^inKs ns indicate*! by the shaded areas in the fipure 

2 C'on>put<* the iM'mlinf? moment and shear for the several joists and the 
girders, and wh'ct t he requirc'd I-beam.s. Check for strength of end connections. 


DETAILS OF CONSTRUCTION 

Connection of Beams to Beams. When one beam bears on top 
of another, the only connection required is riM*ts or bolts through 
tlio flange, as shown in Fig. 91. No stress is transmitted by these 



i'lg, fit. Uivrlwl Con- 
lK>cUoii nf KoHiit lo 
Bcatu 


Fig 02. Benin Connertinnn bv Means of Sheet 
Steel Clips 


rivets or bolts. They serve simply to hold the beams in position. 
Steel clips are sometimes used for this purpose, Fig. 92, but as they 
are not positive in hohling the beams in pisition they are not as 
good, especially \vhen lateral supixirt is required. When this is not 
important, the clips can be used and may effect a saving in cost. 
These clips are most useful for attaching tees and angles to beams in 
ceiling and roof construction. 

Angle Connections, The most common method of connecting 
one beam to another is by means of angles riveted to the web. There 
are several sets of standard connections, various concerns having 
their own standards. Thos^<iof the American Bridge Company are 
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given in Fig. 93.* The values given in Table 111 are based 
on these. The two-angle connection is generally used, but when 
beams are used in pairs or when for any reason the two-angle wn- 



nection cannot be used, the one-angle connection is used. The 
rivets used in the standard connections are f inch in diameter. 

*SubaoqtteQtljr a different aet of standards has be<*& adopted. See Carnegie Pocket Caen- 
pnfaa, IS 13 edition. 
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The strength of the two-angle connection may oe limited by 

(1) Shop rivets in double shear 

(2) Field rivets in single shear 

(3) Shop rivets in bearing in web of joist 

(4) Field rivets in bearing in w’eb of girder 

For example, take the connection for a 1 f/ I 42 ^: 

(1) 0 shop rivets in double shear 

6X10,300 = 61,800# 

(2) 8 field rivets in single shear 

8 X 4420 = 35,360# 

(3) 6 shoj) rivets in bearing in web of joist 

fix 41 X .7.5X2.5,(X)0 = 46,125# 


(4) 8 fiehl rivets in Web of girder; the thickness of the web is not 

given. It must be at least 0.30 inch for a connection on one 
side only, or of twice this thickness if an equal connection 


is on the opposite side, in 
onh'r to have the same 
strength as the field rivets 
in shear. 



Fig IM PliiU* RivPt.’d to Web of 
to give Additional 
Boaring 


COPE 70^ 
m"! 35^ 


COPE 


Fig 95. Diagr&mB of Copod 





« 

The shearing strength of this connection, 35,360 pounds, corre¬ 
sponds to the maximum safe u. d. load on a span of about 9 feet. 
It is less than the shearing strength of the web of the beam. It 
rarely happens that the] strength of the connection is less than 
required, and occurs only w'hen the beam is short and heavily loaded 
or w’hen a heavy^load is applied near the end. Lack of bearing in 
the web of the girder is mof^' likely to occur, but this is not fro* 
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quent. If it does happen, however, angles with 6-inch legs may be 
used to provide space for more rivets, or a reinforcing plate may 
he rivetetl to the web of the girder. Fig. 94. 

Special Connections. When beams on the two sides of a girder 
do not come opposite or are of different sizes so that the standard 
connections do not match, it is necessary to devise a special connec¬ 
tion. If a beam is flush on the top or on the bottom with the one to 
which it connects, the flange must be coped, Fig. 95. A number of 
special connections are shown in Fig. 96 and need no explanation. 

Connections of Beams to Columns. A beam may connect to a 
column by means of a s<*at or by means of angles on the web. The 

great variety of conditions that 
may be encountered make it im¬ 
practicable to have standards for 
these connections, though the 
work of each shop is standard¬ 
ized to some extent. 

Seat Connections. The seat 
connection is show'n in Fig. 97. 
This seat or bracket is made up 
of a shelf angle, one or tw’o 
stiffener angles, and a filler plate. 
The load is transmitted by the 
rivets, acting in single shear, 
which connect the bracket to the 

Fig 97. SpHttul Connopl ion of Beam 1o Column , , 

column. Ihe number of rivets 
used is proptirtioned to the actual load instead of being standardized 
for the size of the beam. The stiffener angles support the horizontal 
leg of the shelf angle and carry the load to the lower rivets of the 
connection. 

Shelf angles are 6 inches, 7 inches, or 8 inches vertical and 4 
inches or 6 inches horizontal, having a thickness of ^ inch to | inch, 
depending on the size of beam and the load. The leg of the stiffener 
angle parallel to the web of the beam is usually ^ inch or 1 inch Icmi 
than the horizontal leg of the shelf. The leg against the column is 
governed by tjhe gage fine of the rivets in the column. The filler is 
the same thickne^ as the shelf angle. An angle connecting the top 
flange of the beam to the column is generally used. It is not counted 
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as carrying any of the load, but servc-s to hold thdop of the beam 
in position and stiffens the connection. The rivets connecting the 
bottom flange of the beam to the shelf serve only to hold the mem¬ 




bers together and make a stiff connection. Usually there are only 
two rivets in each flange but sometimes larger angles and more 
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rivets are used to develop resistance to wind stresses. Fi^f* ^ ?ives 
a numl>er of examples of seat connections. 

The advantages of the seat coftneetion are 

(1) All shop riveting is on the column which is a riveted 
member. No shop riveting is required on the beam 
which thus needs only to be puncheil 

(2) The seat is a convenien<'e in erecting 

(11; The rivets which carry shear are shop driven 
(4) 'I'he number of field rivets is small 
Web Corinedioriit. The web connection is made by means of 


two angles, Fig. 99. The legs parallel to the beam rivet to the 

web and the outstanding legs to 
•• ~-=) the columns. The connection to 

H*- the web of the beam is governed 
i hk hv the same conditions as the 

I H>- (K standard beam connection. The 

:X3 Mj length of the outstanding leg is 
' * . - -J ■ governed by the gage lines of the 

-(> rivets in the column or the space 
available for them. Usually the 

on w.bron«.ot,ono(Bo«m to Column angles are shop riveted to the 

lieara and field riveted to the 


column. If the angles w'ere shop riveted to the column, it would be 
difficult or impossible to erect the beam. How ever, one angle may 
be shop riveted to the column and the other furnished loose. In this 
case the number of field rivets generally will be the same as if the 



Fi* 100 .Diagrsoia Shnwing ESMkdvBiitmce of 8e*t Connection lor Ftreproofing 


angles were shop* riveted to the beam, but the shop riveting on the 
lieoni will be eliminated, whicftlls an advantage. When this conneo- 
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tion is used, a small seat aiigle is provided for eonvenieiKti iu 
erecting. 

The advantage of the web connection is the coraimctness of 
the parts, keeping within the limits of the fireproofing and plaster, 
whereas the seat connection may necessitate special architectural 
treatment to fireproof it or conceal it, Fig. 100. 

ComhimIuM Connections. A combination of web and seat 
wnnections may be used to meet special conditions. For example, 
the load may be too great for a web connection, and at the same 
time a seat connection may be objectionable. The ec»mbination 
vvill reduc'e the seat connection to a minimum, perhaps eliminjiting 
the stiffener angles. Another case is where top and bottom angles 
are required for wdml bracing but stiffener angles are not permitted; 
there the combinatit)!i can be used. 

The objection to the combination is that there are two groups 
of rivets for supporting the load. If the connection is not accurately 
made, the entire load may be carritxl by one group of rivets. A 
numl)er of miscellaneous connections are illustrated later iu the text 
under column details. 

Separators. When beams are used in pairs or groups, some 
corme<’tion is usually made between them at short intervals. The 
connecting piece is called a “sep¬ 
arator”. If the purpose to be 
served is merely to tie the beams 
together and keep them prt)i)erly 
spactxl, the gas-pijje separator is 
u.scd, Fig. 101. This consists of 
a piece of gas pij)e with a bolt 
running through it. This form 
i.s Used in lintels and in grillage 
beams. For beams 6 inches or less in depth, one separator and 
bolt may be used; for greater depth, two should be u.sed. 

The separator most commonly u.sed is made of cast iron, Fig. 
102. It not only serves as a spacer but it stiffens the webs of the 
beams and, to a limited extent, transmits the loacl from one beam 
to the other in case one is loaded more heavily. It seldom fits 
exactly to the beam so it cannot be relied upon to transmit much 
load. One bolt is used for beams less than 12 inches deep and two 

1 ^: 
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bolts for 12-inch and deeper beams. The dimensions and weights 
of separators and the bolts for them are given in the handbooks. 
They can be made for any spacing of beams and special shapes can 



Fig 102 Cu^t-Iron S«*i>iiralor9 



Fig. 103. Siiocml Tv(k- of Cunt-Iron 


be matle for beams of different sizes, 

Fig. R):b 

The iiuli\idiial beams of a pair 
or group should be tlesigned for the 
actual loads which they carry, if it is 
practicable to do so. If it is necessary 
to transfer some load from one to the 
other, a steel separator or diaphragm 
should be used. This may be made of a 



Fig. 104. Stoel Separator or Diapbragtu 


plate and four angles or of a short piece of I-beam or channel. Fig. 
104. If the beams are sej^iclose together, the holes must be reamed 
and turned bolts must be used in order to get an efficient con- 
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nectioii. If the beam^ are set with four inches or more clearance 
between the flanges, the separator can be riveted to the beams. 

Specifications usually require that separators be spaced not 
further than five feet apart. They should be placed at points of 
concentrated loads and over bearings. 



Fig 105 Layout Showing T!r-Uo(I Cunnectionfi twi'cn .lointii 


Tie-Rods. A common form of fireproof fltior construction is 
the hollow tile arch between steel joists spaceti from 5 feet to 7 feet 
apart. The arch exerts a thrust sidewise on the beams and would 
spread the beams apart and cause the arch to fall, if they were not 
tied together. Bods f inch in diameter are used for these ties. 
They are spaced about 6 feet apart and placed or 4 inches alwjve 
the bottom of tlje beams. After the arch construction is in place, 
the thrusts on the two sides of a beam would balance if equally 



seemNTAL reRSA cotta arch coosTRocnon 
Pig- 106. Tie-Rod Conncrtioai for Hegmcntel Arclx-M 


loaded so tbat 4 ^der these conditions the rods would be needed 
only in the outside ponds. However, they are needed in all panels 
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during construction and as the loads on the several panels may be 
unequal, they are retained throughout the floor construction, Fig. 105. 

If long span segmental arches are used, the thrust is much 
greater. Its amount must be computed and the tie-rods propor¬ 
tioned for the actual stress, Fig. 10(). 

Bearings. Dimensions of Bearing Plates, Under Unit 
Stresses are given the safe bearing values on masonry. The end of 
a beam resting on masonry usually does not have sufficient bearing 
area, and a bearing plate is required. The area of the plate is 
determined by dividing the load (the end reaction of the beam) by 
the allowed unit pressure on the masonry. For example, assume a 

15*^ I 42^ bearing on a wull of hard brick in 
cement mortar, the reaction at the bearing being 
IS,(XX) pounds. The allowable pressure is 200 
ptmnds per square inch. Then the required 
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area of the plate is 


18,000 

200 


or 90 square inches. 



Fig 107 DiaRrniii ShoA- 
lug Bfianug Clitte 


A plate 8"X12'' or one lO^XlO^ would be used. 

The required thickness of the bearing plate 
depends on the pressure per square inch on the 
masonry and the projection of the plate beyond 
the flange of the beam. This projecting portion 
of the plate acts as an inverted cantilever with a 
u. d. load. Thus in Fig. 107 the beam is a IS'' 
I 42^, the plate S^X 12". The projection of the 
plate is 31 inches and the upward pressure j)er 
square inch is 200 pounds. To determine the 
thickness, assume a strip 1 inch wide; then there 
is a cantilever inches long with a loail of 200 pounds per inch. 
The gliding moment is 

3 2.5X21K)X^|^ = 1050 in.-lb. 

From the bending momenLthe required section modulus - can be 

c 

obtaiiuH] by tlie formula’given on p.-OS; and from it the thickness f 
of the plate can be obtained by the formula given on p.-37, thus 

1056 

B l(i,000’ 


/ 


.066 
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From the section modulus the thickness t can be computed by 
the reverse of the method previously given for computing /, thus 

7 = b^V 

I 


t2 = 0X~=(iX ()0G-.;?9G 
r 

f =V"'3^) = 0 G.r, or f thick 

The square root can be figured by the usual rules but can be 
obtained more easily from tables in the handbook. 

dm plural Diagram for Dettigniug Hearing Plates. Fig. lOS is a 
graphical diagram for designing bearing plates. Along the left side 



Fic> lOS. Diocnun for Determining Thicknewi of Steel Bearing Plate* 

is given the projection of the plate in inches; along the bottom is 
the thickness in inches; the diagonal Jines represent the several 
allowable pressures for different classes of masonry. Having com¬ 
puted the size of plate needed for bearing, find the amount of its 
projection beyond the flange of the beam. Enter the diagram at 
the left on the horizontal line corresponding to the projection; trace 
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to the right to the diagonal line representing the pressure; then 
vertically downward to the bottom of the diagram and read the 
thickness. For example, assume a projection of 3| inches and an 
allo\^ able bearing of 200 pounds p<*r scpiare inch; the required thick¬ 
ness is f inch. 

Starulnrd Bearing IHates. In the handbooks are given standard 
bearing plates for the various sizes of Ixiaras. One size of plate is 

gi\'en for each size of beam, hence 
these standard plates are designed 
for the hca\iest loads likely to 
be carried by the hea\'iest beam 
se<‘tion and, consequently, are 
larger than needed for most ca.ses. 
In the example given above, the 
('ami »ria standard plate is 12* X 
It is larger than re- 
(juirt'd, thus showing that it is 
econonucal to design the plates 
for the actual loads and the 
allowable bearing pressures. In 
this same example, if the l>earing 
is on concrete at 400 pounds per 
square inch, no plate is required 
as the beam flange alone gives 
the necessary area. 

Penetration into Wall. The 
penetration of beams into the 
wall, if the thickness of wall 
jiermits, should be not less than 

n«. 109. l-Bojkinj* Usetl For Beanu« tllC folloWUng: 

for 3-inc#, 4-inch, 5-im'h, and ft-inch bcaina and channela 6 inches 

for 7-inch, and 8-incb beams and channels 8 inchM 

for fl-inch, and 10-mch beams and channeb 10 inches 

for 12-inch, and l.Wnch beams and channels 12 inches 

for 18-inch, 20-inch, 21-mch, and 24-inch beams and channels 15 inches 

When the thickness of the wall does not permit the penetration 
recommended aboye, the allowable baring stress should be reduced. 
The reduction should be 50 perieent fc«* heavy beams on an S4ndh 
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bearing. A penetration less than 8 inches should never l>e usetl for 
beams 8 inches or more in depth. Ihs-ause all beams deflect under 
load their bearing plates should lie set with a slight sloix? downward 
toward the face of the wall, J inch p<»r foot being a satisfactory slope. 
This prevents the whole load from being eonc<*ntrate<i on the front 
etlgc of the plate. 

Plates ‘thicker than 1 inch arc cliflicult to get. Whcji this 
thickness is not enough for the projection desirc«l, one or more 




I-beams or channels should be used for the bearing, Fig. 100. These 
are designed as inverted cantilevers in the regular way. 

Caai-Iron Platen. The foregoing discussion relates to steel 
plates. Cast-iron plates may be used. The method of designing 
them b the same as for steel plates, except that the allowable fiber 
stress is 3000 pounds per square inch. On account of thb differ¬ 
ence in the allowable streas, the thickness of the c-ast^iron plate is 
2\ times the thickness of the steel plate. The diagram, Fig. 108, 
may be used for cast iron by first determining the thickness lor 
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steel and multiplying the result by 2\. In most localities the cast 
iron costs more than steel on account of the additional weighL 

Anchors. Beams bearing on masonry are usually anchored to 
it to give greater stability to the structure as a whole. Fig. 110 
shows the common forms of anchors used for this purpose. The 
bent rod a is the chcaiwst. The angle lugs b are the most efficient. 
The other forms are used for the special conditions indicated. The 
thickness of metal used is arbitrary, usually i inch for rods and 
^ inch for angles and plates. 

Miscellaneous Details. Almost every structure presents some 
conditions requiring special details of the beams. The relative 
[lositiori of the steel members may require a special form of con¬ 
nection, or the other materials of construction may necessitate 
special details for their siijiport. A number of such details will be 
shown in eonneetion with the practical designs later in this text. 

RIVETED GIRDERS 


Definition. The term “riveted girder” is here used to apply 
to all rivctetl beams, i. e., Ix'ams made of two or more steel sections 



Fig. 111. TypM of Riveted Gnden 


riveted together. The most-common forms of riveted girders are 
illustrated in Hg. Ill as follows: 

(a) I-beam with flange plates (o) Plate box girder 

(b) Plate ^rder (d) Beam box girdcor 
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THEORY OF OESION 

Determiiiatioii of Resisting Moment. All that was stated under 
Review of Theory of Beam Design applies as well to rivete<l 
girdem as to rolled beams, provided the sections are so rivetinl 
together that they act as a single piece. However, there are two 
methods of determining the resisting moment, viz, by moment of 
inertia and by chord stress^ Fig. 112. 

Moment of Inertia Method. The jirocedure for determining 
the resisting moment of a beam, or girder, by means of the moment 
of inertia has been fully explained. The value of / for tlie single 



Fig 112, Diagram of Bi'nding Stn-Mw>H 111 n l<iv( <«*(] CiirtU-r (,i) Moiiu nt of liu'rtia Method, 

(li) Chord Mtihod 


rolletl section, such as the I-beam, is taken from the tables in the 
handbook, but for the riveted girder it inU'i be computed. 

Chord Stress Method. The second method of designing riveted 
girders assumes that the tensile stresses are resistetl by the tension 
flange and the compressive stresses by the compression flange. It 
is assumed that the stress is Uniformly distributed over the entire area 
of the flange. Then the moment of resistance is the same as if the 
whole stress w'ere acting at the center of gravity of the flange area. 

The resisting moment determinc<l from the moment of inertia is 

3/-S- 

e 

The resisting moment by the chord method is as follows: Iii Fig. 
112, f and c represent, respectively, the total tension and total 
compression values of the flanges, applied at the centers of gravity 
of the flange sections. The distance d between them is called the 
“effective depth of the girder”. In order to have equilibrium, t must 
equal c. Each must equal the area A of the flange multiplied by 
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the luiit stress S, Then and the resisting moment is 

M=AxSxd 

Having determined the bending moment in inch-pounds from the 
loatls on a girder, the procedure by the cliord methtxl is as follows: 

Assume the total depth of girder and from this approximate the 
effective depth d in inches. This* can be taken at 2 to 4 incdies less 
than the total depth, deix'iiduig on the size of flange angles. By 
dividing the bending moment M by the effective depth d, the flange 
stress < or c is obtained; and divicling the flange stress by the 
average unit stress, say 14,5(K) pounds per square inch, the result is 
the net area in square inches recjuired for the flange. The sections 
required to make up this net area can then be determined. 

The foregoing coniputatiojis are expressed by the formula 



'^rhe average value of the unit stress to be used is proportione<l from 
the extreme fiber stress, 1(),(K)0 pounds i)er square inch. Thus if 
the effective depth is t®o of the extreme depth, the average unit 
stress to be used is of 10,000, or 14,400 pounds per square inch. 

The result of the first trial is only approximate. From the 
section thus dett‘rmined the value of d can be computed and the 
ttlK>ve operations repeated. This result, which is also approximate 
if any change is made in the section, is usually accurate enough to 
be accepted as final. Most specifications permit | of the web to 
be counted in each flange section. 

Illmiratim Exaiiqd^i. A^sunle M equals 4‘J0,(KI0 foot-pounds; 
total depth of ginler 36 inches; approximate value of d equals 33 
inches. To find the required section 

M = 420,()00X 12 = 5,04(),(K)0 in.-lb. 




5,040,000 

14,500X33 


web36*Xi“/ 
2Ls6*'X3rxr = 

less 1 rivet hole = 


»10.53 sq. in. 

== 1.41 sq. in. 

11.10 

1.10 *_ 10_.00 

.4 — 11.41 SC), in. 


As the area of the chosen auction is greater tluui the calculated 
value, it is satisfactory. 
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Problem 

Fig. 113 iUiwirales lht> plate girder deHcnhed m the above example. Corn- 
piite the correct value of d. (Note: No iverount i.«i taken of the part of web 
plate which is coimtod as flange section, in compnt mg the {.iQsttiua of the c. g. 
of the flange. Also no account is taken of the rivet 
hohtH in the web ) Compute tho net flange an'a n*- 
quired and, if nwessarj', correct the siao of angles, 

The two methods of desigtuiif? lead to 
aliout the same results. No further coiisid- 
t^riition will be given to the chord method, 
os the moment of inertia method is preferred. 

Calculation of Load Effects. I'he bend¬ 
ing moments and shears are computed in 
just the same manner for girders as for 
l>eams. However, in making a complete 
design of a riveted girder the bending moment 
is requirtni for all points along the girder 
for computing rivet spacing and for deter¬ 
mining the length of cover plates, if thiy are 
list'd. Consequently the moment diagram is 
needed in most cases. (It can he constructcil 
by the methods given in the sections on 
Bending ^Moments and ^Moment Diagrams in “Strength of Mate¬ 
rials'’.) 

DESIGN OF PLATE GIRDER 



Having computed the bending rntunents and slu*ars and eon- 

structed the diagrams for them, the steps in tho design are: 

« 

Determine allowable depth 
(Vimpute thickness of web 
Compute reciuired moment of inertia 
Compute flange sectitm which will give required mo¬ 
ment of inertia 

Determine length of flange plates 
Design stiffeners 
Design end connection 
Compute spacing of rivets for flanges 

For illustrating the operations, assume a plate girder as shown 
in Fig. 114. Tlie span is 45'-0*; loa/1 4000 pounds per lineal foot 
equids total load of 180,(XX) pounds; end ^ear 90,(XX) pounds; 
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maximum bending moment 12,150,000 inch-pounds. The shear and 
moment diagrams are given. 

Depth. Economy. For any set of conditions governing the 
design of a plate girder there is a depth wliich gives the greatest 
economy of metal. But there arc so many conditions entering into 
the problem that no simple formula can be given for computing it. 


/BO.OOO U.O. 




The effects of some of these conditions can be stated in general 
terms as follows: 

TAc greater the shear the greater the depth required 

The greater the bending momeni the greater the depth retjuired 

The longer the span the greater the depth required 

The ticket the web plate the less the depth 

For lateral stiffness shallow depth is better 

The smaller the defiection dJitoiDed the greater the depth ni^eded 
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If it is desired to determine the moat economical depth for a 
piven case, several depths must be a'ssumed, the designs made, and 
the cross sections or weights computed. A few trials will lead to 
the desired result. 

The depth of the girder may be as small as of the ^pun and 
may be as great as J the span, but the u^ual range is ,‘o to i. In 
the absence of any governing feature J of the span may be assumed 
as a suitable depth. 

Other Comideratiom. Usually other considerations tlian cton- 
orny will determine the depth. In building construction it is gener¬ 
ally desirable to make the girtlers as shallow as practicable, then the 
depth may be governed by deflection, by practicable thickness of 
veb or se<*tion »>f flanges, or by details of connections. The final 
result must be determined by trial <lesigns. 

In the example. Fig. 114, ussunie the depth of web plate to be 
4S inches. On account of the fact that the e<lge.s of the plate will 
not be e\a<*tly straight (unless they have been planed), it is custom¬ 
ary to set the flange angles \ im-h lnwond the edge <if the plat*, 
making the depth in this case 48^ inches back to back of angles. 

Thickness of Web. In building work, i®* ineb is a suitable 
thickness to adopt as the minimum. For cxcciitional cases when 
the loath arc light J inch may be ustsl Tender Unit Stresses, 
p. 51, the allowable shear on girder web is given, i. e , 10,(KK) 
pounds per square inch. This is the average shear tin the net 
cross section of the web. In the example. Fig. 111, the maximum 

00 (MK) 

shear is 90,000 pounds, then the net area of the web must be ’ "y. 

or 9.0 square inches. The depth of the web is 48 inches, from w Inch 
must l>e deducted 2 rivet holes | inch in diameter, making the net 
tlepth 46J inches. The thickness rcrjuirctl tti give the net cross 

section is or 0.19 inches. Hente a plate 0 10 inch thick fulfills 

46.23 

the requirements for shear on the weh. I'his is less than the mini¬ 
mum adopted, so the thickness is made inch. 

pROBLElf 

What thicknet« of wob is r<*qiiirr«l f<»r a sIm ar of 220,000 fJouDds, depth 44 
iDchce? 

Before the thickness of web can be acc-cpteil as l>eing satisfao 
toiy, it must be known to provide ample bearing for the rivets which 
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connect the flanges to the web. The design of this riveting is ex¬ 
plained later. For the present purpose the method used is this: 
Assume that an amount of stress equal to the maximum vertical 
shear must be transmitted from the web to each flange within a 
distanc'e equal to the depth of the web. Applying this to the exam¬ 
ple, the maximum vertical shear is tK),(X)0 pounds and this amount 
must be transmitted from web to flange in a distance of 48 inches, 
which equals the depth of the w'eb. The bearing value of a f-inch 
rivet in a /fl-inch W'eb is oSOO ])onnds. The number requin'd is 


90,(M)0 

581)6 


or 1(). 


^I'his number of rivet's in a distance of 48 inches gives 


a spacing of IS inches, winch js satisfactory an<l requires only one rowr 
of rivets, f'rwo rows conhl be used,giving space bir twice as many 
rivets as are nccilcil) 'riicrcforc, the web thickness is satisfactory. 

Shcanng Valin> of U’rh Plates. A study of the shearing value 
of web plates comiiareii with the bearing value of ri\ets in the web 
will show that sutticient Iw'aring \alue can be developed to ex]ual the 
shearing value. Consequently, th^ bearing test net'd not be applied. 
For a unit shear of 10,(KM) pounds j)er square inch and a unit bearing 
of 25,(XM) pounds per square inch, it can be shown that two rows of 
J-inch rivets, spa(‘ed inches center to center in each row', W’ill have 
the same bearing \ alue as the sh(‘aring value of the plate (no reduc¬ 
tion being made in shearing value on account of rivet holes). 
Problem 

Akmuiik* 11 pltttr Si inolif'H tlts'p atul J inch thick Prove (he fon^Koing 
Htateinent, 


Moment of Inertia Required. Having the bending moment 
and the ilepth of the ginler, the value of the required moment of 
inertia can lx* computed from the formula, (see p. 78). 


/- 


.Ur 

S 


In the example, Fig. 114, J/= 12,15(),(X)0 in.-lb.; If 

no flange plates are used, the distance c is measured to the back of 
the angle, i. e., 24^ inches. Then 

^12,156.000X 241 

16,000 


: 1<S,415 


If it develops that flange plates<HHlst be used, the v^alue of the moment 
(4 inertia m^t be increased to corr^pond to the increased d^th. 
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Flai^ Section. Having determined the moment of inertia 
required, it is next necessary to find by trial the section which has 
this moment of inertia. To avoid tedious figuring, a rough approxi¬ 
mation is first made. The web plate being determined, its moment 
of inertia may be computed or be taken fnun the handbook. 

/forP1.48''XiV=2S80 

This amount deducted from 18,415 leaves 15,535 as the net value 
of / to be supplied by the flanges. The general formula for moment 
of inertia, p. 38, is 

7 = 


In this case r is about 22.5 inches, then r® = 5()fl, and A — 


15,535 

50t> 


or 30.7 square inches. This is the net area 
of the two flanges. The gross section must 
l)e larger to allow for rivet holes; for this 
add 2.3 square inches, making 33.0 square 
inches, or 16.5 square inches for each 
flange. This area may l3e made up of 2 
angles without a plate or of 2 angles with a 
plate. Both cases arc given. 

Case A —If ’iifurut Fla nge Phites. \V ith- 
out flange plates, use 2Ls having 

an area of 2 X8 44 or 10,88 square inches. 
For this case the total depth Is 481 iiiclu's, 
as previously determined, and no correc-- 
tion is needed for the required valuaof /, 
viz, 18,415. Now compute its value for 
the approximate section, Fig. 115, making 
the necessar>' corrections fc»r rivet holes. 



Fik in'* SeetUinaf Pla(«Qird0ir 
Mnhout Flung< Ptatca 


" 1 PI. 48*'X (from tables).2,880 

Deduct>rholes2XSXAX21 75X21 75 200 2,620 




4 Ls 6X6XI (from tables) about axis a-a 113 

about axis 5-fc 4 X8 44 X 22 47 X22.47 17,045 


17,158 

Deduct for holes 4X|X|X2f.75 X21.75 1,241 15,917 

Total net value of I 18,637 


151 




142 


i 

STEEL CONSTRUCTION 


In deducting for rivet hofis, the diameter of hole deducted is i indi 
for a |-inch rivet. The distance to the holes is taken at the outer 
of the two rows of holes. 

The moment of inertia of the section is somewhat larger than 
the required amount, therefore the section is satisfactory. 

Case B—With Flange Plates. With flange plates it is usually 
specified that not less than one-half the flange area shall be in the 

angles, or the largest size of angle shall be 
used. In this example it has been found 
that only one row of rivets is necessary for 
c'onnecting flange to web. For the first 
trial use 2UWxrxr and 1 PI. I PX A'. 
Then the gross area of one flange equals 



for 2LsG''X4''xr 
for 1 PI. ir X iV 
Total area 


2X5.86=11.72 
= 6.12 
= 17.84 


The section is sliown in Fig. 116. For this 
section the value of c is 21.25-f-0.44 or 
24.(>9. The required value of I must be 
correcte<l to correspond: 


7 = 


12,150,000X24 00 


= 18,750 


Fig. 118 S<«ption nf Plalu Girder 
with KUngu Plniea 


16,(K}0 

The value of I computed for the assumed 
section is 


IPI. 48'Xi'lP 

= 2880 


Deiluct for holes 2 X»X X 21 75X21 

75= 260 

2,620 

4 Ls 6''X4*'Xp about axis u-a 

= 30 


about axis 6-6 4X5 86X23 22X23.22 

= 12,637 


Deduct for holes 

4XiX|X21.75 X 21.75 = 1036 

12,667 


4XiX|X23 94X234)4 = 1260 

2 PI. 14" X A' less 2 rivet holes 

2,296 

10,371 

2X121X^X24.47X24.47 


= 6,418 

Total net valu<!f of I 


= 19,409 
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This value of / is in excess of the requHlid value, the latter being 
18,750, hence the section may be reduced. The correction can be 
made without going through the calculations in detail. The angles 
need not be changed, but the flange plates may be reduced in thick¬ 
ness. By inspection it can Iw seen that a reduction of ^ inch in 
thickness reduces / by f of (>418, or 917. The resulting net value 
of I is 19,409 —917 or 18,492. This reduction in the thickness 
of the flange plate also reduces the required value of T. It now 
becomes 


- 12,150,000X 24.03 

K),006 


18,7(X). 


Tliese results are sufficiently close and the rcdvn'ed st‘ction is used 
although it is somewhat scant. 

The revised section is 

web plate 48" X iV" 


each flange 


f2LsG"X4''xr 
[1 ri. irxr 

The sectional areas of the two designs are 

Case A. 1 PI. 48X t** 15 IK) .sq. in, 

4Ls OXfiXj 33 70 sq. in. 


48 70 sq. in. 

Case B. 1 PI. 48 X A 15 00 sq. in. 
4L8 (>x 4X§ 23.44 q. in. 

2P1. 14X| 10 50s(pin. 


48.94 sq. in. 


This showing is slightly in favor oT C ase A, but it i.s more favor- 
ible to Case B when it is consulcred that the flange plates do not 
extend the full length of the girder. Case B also has the advantage 
of greater lateral stiffness due to its greater width. On the other 
hand the cost of the additional riveting may amount to more than 
the saving in w’cight. Also the use of the flange plates, taking into 
account the rivet heads, increases the over-all depth about two 
inches, which may be objectionable in some cases. In general, the 
design without flange plates is preferretl. 

Width qf Flange Plates, The width of a flange plate is limited 
by die permissible projection beyond the outer row of rivets. The 
limits are eight times the thickness of the plate, or a maximum of 
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six inches. In the above example this limit is 8Xf"^ or 3*. This 
permits a distance of 8 inches betw^O the gage lines, which is 
satisfactory. 

The customary widths of flange plates vary by 2 inches, thus, 
10-inch, 12-inch, 14-inch, etc. For 6-inch ^flange angles the maxi¬ 




mum width is 20 indies, and for 8-iach angles, 24 inches, but 18 and 
20 inches, respectively, are pi^||||Erable, and 14 inches and 18 inches 
are most used. When more than one {date b used on a flange, 
usually outer one is made less in thickn^ than the inner one. 

of E^lange Plates. The flange section which has just 
been computed, is the section required at the place of maximum 
bending moment. The’ bending moment decreases toward the 
ends, as shown in the moment* ^diagram Fig. 114, and, if it were 
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]»«cticable to do so, the flanges might be deereasetl eorrespondingly. 
It is necessary for practical reasons to extend the flange angles the 
full length of the girder but the flange plates can be stopptnl at the 
points where they are no longer needed. The plate ceases to be 
needed at the point where the In'iiding moment iHpiuls the resisting 
moment of the W'cb plate and flange angles. Tins cun bo computed 
by the methods and from the <lata already given, but the process is 
tedious and the results can be obtained more easily b.\ graphical 
methods with sufficient accuracy. 

Graphical Solutum for Uniformly Dwirllmted IjmU. Ix*t Fig. 
117-a represent the moment diagram for any uniformly distributed 
load. The lines a.t J, 3, S, etc., represent the amount of the bending 
moment at the .several points along the girder. The inaximnm 
bending moment is at o. The resisting moint*nt is repr<‘s(*nted by 
the line o c'. This line is divided into three parts, o a representing 
the resisting moment of the web plate, a b the resisting moment of 
the flange angles, and b c' the resisting moimnit of the flange plates. 
Then the distance a'a' ecpials the theoretical length of the flange 
angles, but practically they are made the full length of the girdi-r, 
and 6'6' equals the theoretical length (»f the flange plates. If inort* 
than one plate is used on each flange, additional ilivisions may be 
made of the line w'', and the lengths determim'd in the same 
manner. 

If the resisting moments of the several parts of the flanges have 
not been computed, their moments of inertia may be used for this 
ptlrpose in the following manner. On the edge of a .sheet of paper 
or on a scale lay off at any convenient .scale oa^, and 6,c, 
equal, respectively, to the value.s of I for the web plate, flange 
angles, and flange plates. Hold the zero [joint at n and swing the 
paper or scale to the position where c, falls otJ the horizontal line 
through the ap>ex of the moment diagram c\ 'J'hen the hori/iontal 
lines through a, and b^ will cut the drogram at a' a' and b' 1/ and 
give the lengths of flang^lates required. 

Graphical Solution jw Concentrated Loads. Fig. Il7-b repre¬ 
sents a moment diagram for concentrated loads. The same explan¬ 
ations and procedure apply as for uniformly distributed loads. 

Taking the girder section determined for Case B, p. 142, the 
length of its flange plates can be determined by the method just 
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described, using the moment diagram in Fig. 114. The values of I 


as computed on p. 143, are 

for wob plate. 2,620 

for flange angles.10,371 

for flange plates. 5,501 

18,492 


Using a convenient scale laj' off o equals 18,492, so that Cj falls on 
the horizontal line through c\ Then divide o at and so that 
o 0 ^ = 2020, a, 6,== 10,371, and 6|Cj = 5501. Draw horizontal lines 
through a, and 5,, cutting the moment diagram at a'a' and d'b'. 
Then a' a' and 6' b' represent the theoretical lengths of the flange 
angles and the flange ])lates, resp>ectively. As previously stated, 
the flange angles always extend the full length of the girder. The 
flange plates are usually made two or three feet longer than theo¬ 
retically required. In this case the length 6'6' is 23'-6*' (approx.); 
the plates are mmle 2()'-0'' long. This extra length is used so that 
some stress can be tleveloped in the plate at the points V h'. 

Web Stiffeners. Schneider’s Specifications* provide “The web 
shall have stiffeners at the ends and inner edges of bearing plates, 
and at all points of concentratetl loads, and also at intermediate 
points, when the thickness of the web is less than one-sixtieth of 
the unsupported distance betw'een flange angles, generally not 
farther apart than the depth of the full web plate, with a minimum 
limit of 5 feet ” 

'J'he theory of stresses concerned in the design of stiffeners is too 
complicated fPr consideration in this text, but some simple rules can 
l)e established which will lead to safe construction. W'eb stiffeners 
may be divided into tw’o distinct classes: (1) stiffeners at loaded 
points and (2) intermediate stiffeners. 

Sti£niers at leaded Points, The chief purpose of stiffeners at 
loaded pt>ints is to transmit the loads to the girder web. According 
to the theory of stresses in girders, the load must be applied to the 
web aud produce shear therein from which tension and compression 
are produced in the flanges. It is, therefore, necessaiy to cany the 
applied loads into the web plate as directly as possible. If the load 
is uniformly distributed on either the top or bottom flange, it is 

*“Th« Struotural Deocn of BuUdiai^l^by 0. C. Sobaader, M Am Soo. C. £«„ rmamefiowt 
Arntncan «/ C\vU Knymun, VoL UV. p. iM. 
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transmitted to the web by the rivets connecting the fiiinge angles 
to the web. The effect of this load on the numijer of rivets requirefl 
is considered later in the text. 

When concentrated loads are applied, enough rivets cannot In* 
placed in the flanges to transmit the load to the web, and also it is 
desirable that the load be applied throughout the depth of the web 
plate. To meet these conditions stiffener angles are used. These 


seat ooo LBS 



Fi|t 118. OetaiU o( Gird<'r Showing Ciw of Sti(T*'nt‘rs I'ndpr r!oiiw*ntrat«d TxmmJ 


Stiffeners may be designed as short compression meraliers using, a 
unit stress of 12,(XX) pounds per scjuare inch. They must be at¬ 
tached to the web plate with enough rivets to transmit the load. 
Generally the bearing value of ri\’ets in the web plate w’ill govern. 

As an example, assume that a girder supports a concentrated 
load of 160,000 pounds, Fig, 118. On accfiunt of the width of 
bearing of the load, it is desirable to use two pairs of stiffeners. Tlie 
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area requireti is or 13.33 square inches. 4 Ls 5*'X3i"'X A' 

— area 4X3.53 or 14.12 .square inches — provide the necessary 
sectional area, ^i'he thickness of the girder ^^eb being | inch, the 
lx*aring ^’alue of a f-irich rivet is 7030 pounds. Then the number 

of rivets recjuired is »>r 23. There is ample space for this 

7030 

number of rivets. 

The condition at the end Ix'uring (;f a plate girder is analogous 
to tliat described for a concentrateil load and is treated in the same 
manner. If the end of tl>e girder connects to a column or another 
girder by means of web angles, the design is made in the same 
manner as hir the web connection of I-bcams. 


Intf'rmrdiuU' Stifferurx. Intermediate .stiffeners 
); are used to prevent buckling of the w'eb plate. A(*- 

conling to the s]x*cificatIons quoted above, stiffeners 
S I ' 1 must be UM‘d if tlie nnsupix)rted depth of plate Ls 

more tlian 00 time^. its thiekness. . Such stiffeners 
« are to l)e spaced not fartlier than the depth of tlie 

s ginler. or for deep girders not more than 5 feet. 

^ .\ppl\ing this to the girder illu.strated in Fig. 118, 

^ it is found that stiffeners are rwjuin'd, for the unhuj)- 

-J-]>orted de[)tli is .30 inches, wliile 00times the thick- 

Fik ii‘) rnmiK-a I bn*h i.s 22J inches. The depth of the girder 

stjfffufis I .stiffeners are spaced 4 feet. 

Stiffeners at loadtxl points serve incidentally to .stiffen the web 
and are taken into account in spacing the intermediate stiffeners. 
Intermediate stiffentTs are u.suallv angles in pairs. The leg of the 
angle parallel t(» the web plate ne<^l be only wide enough for rivet¬ 
ing, fay 3 inches, as it ad<ls but little the lateral stiffness. The 
outstanding l(‘g must U' determined arbitraril>. For a 30-inch 
ginler, 3 inches may be .used; and fr i a 90-ineh ginler, 6 inches; and 
others in pn)yx>rtion. The thicki’c^- .sliould be consistent with the 
size of the angle and not less tha*. the thickness of the web plate; 
and the width of the outstanding leg should be somewhat less than 


the oubtandhvg leg of the flange angles. 

Stiffeners at loaded*'points must be ground to fit accuratdy 
against, the loaded flange; intermediate stiffeners need not be so 
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carefully fitted. 'Fhe use of fillers under stiffener angle's is not 
necessary, but a better fit can be obtained when they are used. 
This makes it desirable to use them at loaded p<iints and end bear¬ 
ings. Where fillers are not usetl, the stiffener angles must he crini|H*<l 
to fit the flange angles, Fig. 119. There is little difference in cost, 
as the expense of crimping offsets the cost of the filler plates. 

Refer to the girder in Fig. 114. There being no concentrat'd 
loads, stiffemrs at loaded poini» arc required only at the end bearings. 
The reaction at eacdi end is 90.(XM) pounds. The art'a of .stiffener 

(U) 

angles required is or 7.5 square ifich. 4 Ls have 

sufficient area, hut it is desirable to ha\'c tlu'ui mjproxiniat'ely as 
wide as the flange angles, so 4 Ls o^Xd^X I'V," are used. Sixteen 
ri\ets are reciuired. There is ample space for them. 

The web plate is inch thick and has an unsupported depth 
of d() inches, hence it requires infcrmediate uliffenem. Thc.se are 
spaced about 4 feet apart (equal to the <lepth of the girder). AngU'-' 
l^Xd^X may be used for these stilfeiuTs. 

Rivets Connecting Flange Angles to Web. In order to make 
the several pieces of the plate girder act as a unit, they must be 
ngidly connected. It is evident that if the angh's and plates were 
simply placed in their relative positions witlwa * l)eing riveted, they 
would not co-operat<‘ but would tend to act independent 1\. This 
is explained under Horizontal Shear in “Strength (ff Materials,” 
Part TI. 

}inmher of Rireti. The loads on th*c girder are apjjlied either 
directly or indiret‘tly to the w^eb, prcKlucing \ertical shear. By 
flexure, the vertical shear produces horizontal shear, which ht'comcs 
tension and compression in fil)ers below and above the neutral axis, 
respectively. Most of these stress<'s occur in the flange plates and 
angles and must be .transmitte<l to them from the web b> the rivets 
which connect the angles to the web plate. There must Ik; enough 
rivets to transmit the whole amount of the .strcfts and they must be 
l«K*atcd at the pmints where the stress sht)uld pass from the web to 
the flanges. Then in each flange there must be such a numl)er of 
rivets between the point of maximum flange stress (maximum 
moment) and each«nd to transmit the total flange stress; or, stated 
in other terms, the resisting moment of the rivets betw'een the point 
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of maximum bending moment and each end mubt equal the maxi¬ 
mum bending moment, and this equals the resisting moment of the 
girder section. 

In Fig. 118, let d be the average distance between the rivets in the 
top and bottom flanges; k tlie Ixjaring value of one rivet (usually liear- 
ing in the web plate); M the l)ending moment in inch-pounds; and N 
the number of rivets in one end of one flange. Then fcxd equals the 


resisting moment of one pair of ri\ets in inch-pounds and A’ = 


M 

kXd 


equals the number of pairs or the nuinlxT of rivets in each flange 
from the center or p(»int of maximum bending moment to either 
end. For example, assume the following data: 


M = 4r)0,0f)() ft.-lb. = r), }()().(KM) in -lb. 

k =70:i0^, bearing value of a ^-ineh rivet in a g-inch web 

d =4r 


then 


.V 


:),4(M),(KK) 

AKIOX-ll 


— 1!) riActs 


lUvct Spariny hi FUiiiqc'i If the rivets, Fig. Il7-a and -h, were 
.spaced uniforml\, their resisting moment would be represented by the 
moment diagram o' <' o', w hercas, the bending moment diagram is 
o' a'b' c'b' a' o'. From this it i.s clear that the resisting moment of 
the rivets is less than the lu'iiding moment at all points except at the 
maximum. But these rivets can lx? so .spaced that the tw’o moment 
diagrams will coincide To determine this spacing proceed as 
follows: Lay oil' o X equal to the total xalue of the number of rivets, 
say 10, and divide it into 10 spaces at the points s. Through the 
points Sf draw’ horizontal lines intersecting the moment diagram at 
points t. Through the points /, draw vertical lines intersecting the base 
line at tlie points r. Then the points r are the locations of the rivets. 

It is important to note that the rivets are closer together near 
the ends, i. e., wher«' the IxMiding moment is changing rapidly. On 
the left side of Fig. 117-b, the spaces are nearly equal because this 
side of the moment diagram is nearlj a straight line. There b a 
change of spacing wherever there is a change in direction of the 
moment diagram. For the uniform load. Fig. 117-a, there b a 
change in each space. Of paurse it is not practu'able to space the 
rivets strictly in accordance with the theory. The practical metliod 
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is to divide the girder into sections, usually taking the divisions 
formed by the stiffeners, and space the rivets equally in each division. 

In the problem, Fig. 114, use the following data* 

3/= 12,150,000 in.-lb. 

=5Sf»0f^, bearing value of a f-ineh rivet iii a i\>ineh web 
d =41.20" (Case A, Fig. 115) 


then 


12,ir>0,(HMl 
^ 5800X41 20 


= 50 rixets 


Lay off oN equals 50. Along oo' lay off the points /, 2, 3, 
etc., marking the positions of the stiffeners. Through thest* points 
<lraw verticals intersecting the moment diagram at 1^, etc.; thenetj 
draw horizontals intersecting o N at .v,, etc. Then o .f, repr<‘- 
sents t)»e number of rivets between o and 1 ; .Vj, the numlnT between 
1 and 2\ .Vj the number between 2 and 3; etc 

represents 17 rivets; the distance o'-l is 54 inc-hes, sjunv the 
rivets 3 inches center to center 

represents 11 rivets; the distance* 1-2 is -18 inches; space 
the rivets 3^ inches c*enter to center 

represents 10 rivets; the ilistance --<> is 48 inclic'^, space the 
rivets 4| inches center to center. 

represents 7 rivc*ts; the di-^tance is 4S inches; space the 
rivets 0 inches center to center, and this lieing the inaxiiniirn spacing 
allowed, continue it to the center <jf the sjmn. 

If Case B }>e iisc‘d, the procedure is just the .same. The value 
of d would Ix) larger (Fig. 110) and, consecpiently, the nuinbc‘r of 
rivets smaller. 

Riveting for Cover Plates. In ('ase B there must also l)e detc*r- 
rai’ied the necessary riveting for attaching the cover plates to the 
flange angles. The procedure is similar to that just giv’en. In 
Fig. 114, p c' represents the resisting moment of the cover plates and, 
therefore, the requirc'd resisting moment of the rivet.s. The rivets 
are in single shear, and the moment arm is the distance back to 
back of ffange angles. Use the following data: 

3/=3,600,000 in.-lb. (approx.). 
k =4420^, single shearing value of a 1-inch rivet 
d =48J" (Fig. 116) 


Then 


3,f»00.00(2 
' 48JX4420 


17 rivets 
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Lay off 2 ? JVj equals 17. Along V h' lay off the pcnnts tO, 11, 
etc., at intervals of say 4 feet. Draw verticals to etc., and 

horizontals to #,,, etc. 

P ^10 represents 9 rivets; the distance h'-lO is 48 inches. There 
are two rows of rivets in the flange plate, so there are 4J rivets 
required in one row in 48 inches, i. e., spaced about 10 inches, center 
to center. But the maximum allowable spacing is 6 inches, center 
to center, and this is used throughout the length of the cover .plates 
except at the ends where a spacing of 4 inches for a distance of two 
feet is adopted arbitrarily. 

liivetSjm'ing Computed from IVeb Bearing Themethotl, p. 140, 
for ch(‘cking the thickness of the web plate for rivet bearing may be 
used for determining the rivet spacing; for example, assume that an 
amount of stress equal to the vertical shear must be transmitted from 
the web to each flange within a distance equal to the depth of the web. 
Then the number of rivets required in this distance is determine'^ 
by dividing the vertical shear by the bearing value of one rivet. 

Ueferring to Fig. 114 and applying this method: 


Shear at f/ —90,000^ 

90,(MX) 

.\o. of rivets in 4N'' 

5800 

Shear at 1 —72,000 § 

72,000 

No. of rivets in 48" 

5800 

Shear at 2 =r)G,0(X)# 

rxhooo 

No, of rivets in 48" 

5800 

Shear at 3 - 40,000 

4(),0{X) 

No. of rivets in 48" 

5800 


= 10, spac‘ing about 4^" 
= 7, spacing about 6* 


Spacing u hen Load TramnniUed through Flange Rivets into W^. 
If the load on the girder is applied in such a way that it must be 
transmktted through the flange rivets into the web, then the rivet 
spacing must take this into account. The exact method of doing 
so is difficult to apply, but safe results can be obtained by simply 
adding enough rivets to transmit the load to the web. Thus in Fig. 
114 it has been determined that 17 rivets arc required between o'-l. 
The load om this space is 18,000 pounds, which reqiures 4 rivets to 
transmit It into* the vreb plate. Then the total number of rivets is 
21 and the spacing 2| uu^eiir 
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Assuming that the 
load is applied on the top 
flange, the extra rivets are 
required only in that 
flange. But in practice 
the riveting is usually’ 
made the same in both 
flanges. Where stiffeners 
are used at loaded points, 
the extra rivets are not 
require*!. 

The actual location 
and spacing of the rivets 
must be worked out in 
making the shop details 
in onler to afford neces¬ 
sary cleararu'cs f rom stiff¬ 
eners and to suit an; 
otlier <‘onditions that 
may ai)ply to the, case. 
It is sufficient for the de¬ 
signer to indicate the 
si)a‘ ing as it has been 
computed aljove. 

rig. 120 shows the 
design drawing for the 
girder developed in the 
premling pages, using 
< ’asc B, thatis, a girder 
with flange plates. 
Prohlismh 

1. Dcmikh a plate i^rdcr 
fruni t he data given in Fig. 
121 Make the design draw¬ 
ing at I'ineh scale. 

2. De^gn a plate girder 
having the same span aa the 
one in Fig. 121, but support¬ 
ing only on<s-half the load 
th^ specified. 
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Tables and Diagrams. A number of tables have been pub¬ 
lished giving strength and properties of plate girders. These tables 



ire of much a^sit^taiuv in arri\iug at the approximate be<'tiou of the 
recjuired girder, but usually the final design must be computed in 
detail, as in the foregoing example. 



MOMENT or INERTtA 

Fic. 123. DwgrHin for Dotcrnuaing Momrata 
AfU*r DoductiRR Rjvet Hole*. 2 Hole*, J-i" Rivet*) for 


The large number of plate girder sections that it is possible to 
make up from the available sizes of web plates, flange angles, and 
flange plates makes it impmHiicable to have complete tables of them. 
The C^ncgie Pocket Companion, 1913 edition, csontains a valuabk 
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table giving the section modulus for a large number of riveted 
girders. 

The handbooks give tables of tlie moment of inertia of rectangles 
from which can be taken the value of 1 for*the web plate (from 
this value must be deducted the value of / for rivet holes). OtluT 
reference books give the values of / for web plates with rivet holes 
deducted and for many sizes of flange angles plaml at various 
depths; similar tables arc given for flange plates. Hy the use of 
these tables, the value of I for the c'omph*te girdcT seetion can be 
found by adding together the values for the weh plate, flange angles, 
and flange plates.* 

Tlic diagrams, Figs. 122, 123, ami 124, gi\e re.speetively, the 
values of I for web plates, flange angles, and flange plates. They 
give the moments of inertia for the sizes of plates and angles most 



MOMENT OF 

of Inertia of Web Plates of Pla»e Girders 

to 4" Plates, 2 Boim. V (J" Rivets) for to 1 " Plan s 


commonly used for plate girders. Values for intermediate sizes of 
plates a nd thicknesses of angles can be interpolaietl. Although not 

•“Godfiiiy’s Tables*’ by Edward Godfrey, M, Am Soc C E, , 

' Civil EogiDenr's Paeketbook” by Albert I, Frye, b B„ M Am Soc. C. E. 

N* 
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Pif 124. Diagram for D«>t«nnmiog Moments of T wrtia of Flange PKfea of Plate Gtzdera 
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mathematically exact, the results obtained from these diagrams are 
accurate enough for designing, and will lead to the selection of the 
same sections as would be determined by computation. 

The tables and diagrams give only the sections to be used for 
the girder. The flange plate length, stifTeiiers, end connections, 
aral rivet spacing must still be designed by the methods heretofore 
explained. In many eases, these latter items are left to the de- 
tailers; but they are ])ropt'rly a part of the design and should be 
worked out at the same time the girder section is determine*!, as 
the detailer is not likely to hn^e as clear an understanding of the 
conditions as the designer, 

Pnoni-RM 

C-lu*ck the Kirder wet ions in Fik*' 11-'* anil 110 hy mivins of the (ImKramN in 
Figs, 122, 12:i, and 121 

OTHER FORMS OF RIVETED GIRDERS 

The discussion and examples thus far have dealt with the plate 
ginler. The principles and the nndhtwls involved are the same for 
all forms of rivetwl girders, 

I-Beams with Flange Plates. A form of girder, Fig. 111-a, is 
used when shallow girders are required and the I-beams are not 
strong enough. This often occurs in joists and girders of a fliwr 
when it is desired to maintain approximately the same depth for 
members which carry heavy and light loads. 

Moment of Inertia. To determine the moment of inertia of the 
girder, take from the handbook the value of I for the beam and 
deduct therefrom the value of I for the holes in the flanges; add to 
this net value for the beam, the value of I for the net section of the 
flange plates. For example compute the moment of inertia for 

15''I42#Rnd2ri.8'^xr- 

/for 15' 142# 442 

deduct for 4 rivet holes 

4XiXfX7.2x7.2 114 

328 

for 2 PI, 8'X|* after deducting rivet holes 

2x6iXfX7,9x7.9 585 

Total value of I 913 

Note that tw^o rivet holes deducted from each flange and from 
each pla^ If the rivet hol^ are carefully staggered, cmly one-^alf 
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TABLE IV 

Moments of Inertia of I-Eleams with Holes in Flanges 


(Holes for rivets computed J4'' diani) 


SECTION 

MOMENTS OF INERTIA 


Whole 

1 Hole Out of 
Eiuth FIboro 

2 Hotel Out ol 
Each Flmige 

27'I 

83# 

2888 6 

2623 0 

2357 4 

89 

24'I 100# 

2380 3 

2149 0 

1917 7 

1 00 

24'I 

80# 

i 2087 9 

1884 9 

1681 9 

.87 

24'I 

691# 


1734 3 

1540 6 

82 

21'I 

671# 


1090 0 

952 5 • 

.74 

20'I 

80# 

1466 5 

1320 0 

1173 5 

.92 

20'I 

65# 

1169.6 

1042 1 

915 2 

.79 

IS"! 

75# 

1141 3 

1026 8 

911 3 

90 

18'I 

55# 

795 6 

704 9 

614 2 

69 

IS*! 

36# 

733 2 

645 2 

557 2 

67 

15'I 

80# 

795 5 

7(X) 6 

617 7 

1 03 

15'I 

60# 

609 0 

536 6 

461 2 

.82 

15'I 

42# 

441 7 

385 3 

328 9 

.62 

15'I 

36# 

405 1 

351 8 

298 5 

59 

12'I 

40# 

268 9 

231 3 

193 7 

66 

121 

31 i# 

215 8 

184 5 

153 2 

.545 

121 

271# 

199 8 

169 9 

1«) 2 

51 

lO'I 

25# 

122 1 

102 7 

83 3 

49 

O'l 

21# 

84 9 

70 2 

55 5 

46 

8'I 

18# 

56 9 

46 1 

15 3 

42.5 


of this number need be deducted. The shearing value of the web 
must be investigated and the h'ligth of Hunge plates and rivet spac¬ 
ing computed in the same manner as for*plate girders. 

Problems 

1. What is the resisting moment of a ginler mudcj of one IS" I 55// and 
two flange plates 8' X 

2. A beam has a span of 24 feet and supports u u d loiui of SO,(KK) pounds 
Design the beam using a 18' I 55# with flange plab's Determine length of 
plates and rivet spacing. 

3. WThnt is the resisting moment of a 20' I 65^ with two J-inch holes in 
cachflange? (Notethe great lossof strength due to punching holes in the flanges.) 

The moments of inertia of I-beams with holes in the flanges are 
given in Table IV and of flange plates in the diagram, Fig. 123. 

Beam Box Girders. Beam box girders, Fig. 111-d, are designed 
in just the same ^ay as single I-beams with flange plates. They 
are not economical and should be used only when the available 
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depth prevents the use of a deeper girder. The handbooks “igiye 
tables of strength of this form of riveted girders. ^ 

PttOULluMS 

1. C'oinpule th« moment of inertia of a girder ma«ie of two X-beains 
24*’X80^ and two plates IS'XI*’. 

2. Design a l^am box girder to support a load of 3(X),0(K) pounds at the 
middle of a 30-foot span. Use 24-ineh beams 

3. What is the resisting moment of a girder miuJe of two 15' Qs 3^ and 
two plates 14'X j/? 

Plate Box Girders. The plate box girder, Fig. 111-c, needs no 
explanation as to the method of design, requiring tlie same procedure 
as the plate girder. It is used for very hea\'y loads when the depth 
allowed is greater than the deejx^st I-lteam but not suflScient to per- 
mit the use of a girder with a single web. It is to be noted that the 
rivpts connecting the flange angles to the webs are in single shear, 
lienee the shearing value rather than the bearing value of the rivets 
will be used in computing ri\ et spacing. 

PllOBLKM 

(’oinputc tli(‘ rnoniput of incrtiii of u girder niadi- of two web plates 36'X 3^', 
four angles 6' X6"X T. two dange plates22'XT. and t wo flange plate.8 22'X W- 

Unsyminetrical Sections. Thus far in the discussion of riveted 
girders the sections considered have bt'cii symmetrical about the 
neutral a-xis and, therefore, the neutral axis has been at mid-depth. 

It sometimes hap|)ens that the two flanges cannot be the «ame. 
This makes the computation of the moment of inertia more difficult. 
Having made the first approximation of the section, it is necessary 
to find the et^nter of gravity of the assumed section, p. 35, and then 
the moment of inertia about the neutral axis (through the center 
of gravity), p. 30. 

'Wie common examples of unsymmetrieal sections are>|Si|ne 
girders, I-lieam lintels with one flange plate, girders requiring extra 
lateral stiflnesson account of unsupported top flange, and I-beams 
with rivet holes in the tensbn flange at the place of maximum 
tiending moment. 

In deitigning such giMers the flanges are made as nearly equid 
, ns practicable^ so that the neutral axis may be near mid-depth*. 

Of course this cannot be when, a single flange plate is used on 
aa I-h^am. With the exceptidn nptiMi ijftbQve^ the 
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Fi« 125. Detail Drawiag ef Girder, the I>^iga Drawing of Which Is Shown in Plate O 
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neutral axis, the prcicedure in 
designing is the same as for 
symmetrical girders. 

Problems 

1 . A lintel is made of a 12' X 

31 and a plate on the top flange 
12" X A** is the moment of 

inertia of the section? 

2 . Wliat IS the resisting mo¬ 
ment of a I."!" I 42# which has two 
holes for 4 -inch rivets in the Ijottom 
flange? 

PRACTICAL APPLICATIONS ^ 

Girder Supporting a Col¬ 
umn. In order to get the 
rooms in the lower part of a 
hiiildiiig arranged satisfacto¬ 
rily, it is sometimes desirable 
to space the columns differ¬ 
ently than they are placed 
above. This makes it neces¬ 
sary to carry the tipper col¬ 
umns on girders. Such a case 
is shown in Plate O, p. 285. 
As is usual in such cases, the 
amount of vertical space avail¬ 
able is limited and the depth 
of the girder is fixed by other 
considerations than ec’onomy 
of design. The top is limited 
by the floor level alxive, it 
being necessary to have room 
for fireprtxifing and for the fin¬ 
ished flooring. The bottom is 
limited by the clearance re¬ 
quired for the floor below. The 
actual depth of web is de- 
to'mined after making a "pre- 
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liminary design of fhe flanges and finding the approximate thickness, 
of flange plates. 



ns- 


Fie 127. (jinlcr for CnrHer- Roof 


/tj*. 


The vertical shcjir is so large that a single 
web plate would have greater thickness than is 
desirable and, furthermore, the shai>e and p< i- 
tion of the supporting columns would make the 
connection of a single girder somewhat difficult to 
design. This leads to the adoption of two web 
plates. 

At the .supporting columns it is desired to 
connect one web plate to each flange of the col¬ 
umn as shown. If a box girder were used, it 
would be difficult to erect it, hence two girders 
best fulfill the conditions. Having settled the 
above points, the girder is designed by the meth¬ 
ods which have been given. Plate O shows the 
design drawing of the girder and Fig, 125 is the 
shop detail drawing. 

Problem 

In the first stoiy of a building it is necessary to omit 
acoluxnn and 8uppcKr| the upper part of the column on a 






Fif. ^etioo of 

Typical Crane Girder 


ITS 
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gird^. The span of the girder is 36 feet. The load is 540,000 pounds applied 
at the center of the span, and in addition to this there is a u. d. load from the 
second floor, the weight of g^er with its fireproofing amounting to 4200 
fiounds per lineal foot. The depth available is 50 inches. Design the cross 
section of the girder. 

Plate Girder LinteL Fig. 126 shows a plate girder used as a 
lintel over a driveway into a building. It supports the wall above 
and the floor loads which bear on the wall. 


Roof Girder. A garage roof is to be built with no supporting 
columns, so it must be carried from wall to wall on girders. The 



are connected to the girders. The dimensions and loads are given 
in Fi|:. 127. There is no limitation of depth, the most economical 
section being desired. 

PaOBliBlI 

l^eaign the girder for the conditions given above and make dengn drawing 
at Itineh scale. 

Cnui6 Girdca^ Crane girders do not belong to the class of 
^buildings now under consideration. Fig. 128 represents a typical 
crane girder and is given^tb illustrate the use of an unsymmetrical 
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section of girder. The stresses in a crane girder and the design are 
explained under Runway Girders in "Roof Trusses”. The channel 
on the top flange is required to give lateral stiffness to the girder in 
order to resist the lateral thrust of the crane when the carriage is 
moving crosswise of the build¬ 
ing. It also serves incidentally 
as a guard rail. 

Problem 

Locate the neutral axis of the 
gutier illustrated in Fig. 128. 

DETAILS OF CONSTRUCTION* 

End Bearings. When the 
end of a girder bears on ma¬ 
sonry, Fig. 129, the bearing plate 
is designed in the .same manner 
as for beams. W’ith riveted 
girders it is much more fre¬ 
quently necessary to replace 
the plain bearing plate by I- 
lieams to spread the bearing 
along walls, than when the 
girder is an I-beam. A sole 
plate should be riveted to the 
bottom of the girder. It stiffens 
the flange angles and fumiishes 
a more even bearing surface 
than the angles. In high-grade 
work, the bottom of the girder 
may be faced before the sole plate is attached. 

' A very heavy load may require a bearing plate thicker than it is 
practicable to obtain. Then, if it is not desired to use I-beam grill¬ 
age, a cast-iron pedestal may be used similar to those used for 
columns. The method of designing them is given under columns, 

p. 220. 

Problem ' 

De«gn the end bearing for the fdrder mpecified in Fig. 114. 

*Tb0 d«uils of $ttffentr angUt, fiOtr plates, flange plaUs, and WmI epaang have bcso db> 
oommI and Uioatrated in tbe preoedinc pacea. 



Fib 13t Diagram Showiim Bracket Conuection 
at Qirdrr to Column 
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Connections to Columns. Weh Angle Connection. The con¬ 
nection of a girder to a column is usually made with web angles. 
The connection is <lesigned in the same manner as for I-beams. The 
angle legs connecting to the girder web should be wide enough to 



take two rows of rivets and, if the TOnstruction is heavy, the filler 
plate should be wide enough to take a row of rivets beyond the 
edge of the angles. Fig. 130. The eiul angles must be set accurately 
to tlie correct length and at right angles to the axis of the girder. 
In railroad bridike construction the end angles are required to be 
faced and, to allow for it, tbe angles used are | inch thicker than 

m 
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otherwise would l>e required. This should l)e done on heavy work 
in building construction. 

FLAMGC^L /4'xf srpce fL lAxf 





(c) SPLICE IN WEB PLATE. 

Fif. 133. DiaKramn of Splir^H in the Me niU ni of a I’lali Ciir<l< r Sri Hon 

Bracket Connection. The bracket connection, Fig. 131, may 
be used. It does not make a.s stiff a joint as the web connection and 
^ould not be used unless tliere is some special reason for it. Tins 
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type of connection is specially applicable to box columns on which the 
brackets must be riveted before the column is assembled. Other 
forms of connection may be used to meet special conditions. 
Fig. 132 shows a connection of the web directly to the face of the 
column. 

Splices. It is self-evident that there should be no splice in a 
girder section or in any of its members unless such a splice is abso¬ 
lutely necessary. If the splicing is of individual members rather 
than the whole girder section, the extra work is done at the shop 
instead of in the field and, therefore, is not so serious. 

Splicing Vue to Transporlation Difficnilties. The splicing of an 
entire girder section may be occasioned by transportation condi¬ 
tions but it is exi)ensive on account of extra material and field 
riveting required, and cannot be considered as good as the unspliced 
section. A girder of any length likely to occur in building construc¬ 
tion can be shipped by rail, so that the matter involves only the 
comparison of the extra freight cost with the cost of the splice. 
But transportation by boat invohes not only the extra charge for 
long members but an absolute limit to the length that can be stowed. 
The designer, if not familiar with freight rates and rules, must inves¬ 
tigate them, if girders longer than 36 feet are to be shipped. 

Spiking Due to Members Longer than Stock Sizes. The individual 
members of a girder may need splicing, due to inability to secure 
material of sufficient length, which often happens W'hen material 
is ordered from stock. This indicates the desirability of consulting 
stock lists while designing, so that the available sections may be 
used. The rolling mills regularly furnish angles 60 feet long and by 
special arrangement w'ill furnish longer lengths. All usual sizes of 
cover plates are furnished in lengths up to 85 feet. Web plates are 
most likely to require splicing. Lists of extreme sizes are given in 
the handbooks. Greater lengths than there listed can be secured 
from some mills, but it is safex to be governed by these lists unless 
definite arrangements can be made for the longer plates. 

FvU Strength Slices fw Flanges. Both tension and compres¬ 
sion flanges must be ftilly spliced, i. e., the entire tension or com¬ 
pression must go through the ^ioe plates and angles and the rivets 
by which they'are attached. In this case no reliance is placed on 
abutting ends of Gompresdrdn members as is done in columns. 

m 
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Figs. 133-a, -b, and -c show, respectively, splices in a flange 
plate, in flange angles, and in web plate. 

Splice for Flange Plate. Fig, 133-a. The flange plate is X V* 
The stress must be carried across the gap by a single plate (assum¬ 
ing that there is no unused capacity in the flange angles), which must 
not be less than 14" X i". The net area of this plate after deducting 
rivet holes is 12i*'Xi" or 6.125 square inches. Its tensile value is 
G.125 X 16,000 or 98,000 pounds. The splice rivets are in single shear, 

98 000 

hence the number required on each side of the joint is " — or 19. 

OuUU 

Use 20 rivets. 

Splice for Flange Angles. Fig. 133-b. The flange angles are 2 
Ls 6"X6"X|". Their area is 2X7.11 or 14.22 square inches, which, 
after deducting one rivet hole from each angle, becomes a net area of 
13.12 square inches. The splice plates must have this net area. It 
is desired to splice both legs of each angle as directly as pos.sible, 
so the splice plates are arranged as shown. Their sizes and net 
areas are 

m 2 PI. 5"X4", net area 6 18 
n 1 PI. 13"Xt", area? 03 

Total 13 21 s(p in. 

From these values the number of rivets ca. be computed in the 
usual way, noting that the rivets through m are in double shear and 
through n in single shear. The plates m must extend beyond n at 
each end far enough to take two additional rivets. The purpo.se of 
this is to relieve the angles of a portion of their stress before the first 
holes in n are leached. Otherwise, in designing the main ^rder 
section one hole additional would be deducted from each angle. 

Splice for Web Plate. Fig. 133-c. The web plate must be spliced 
to transmit shear and bending according to the amount of these 
stresses where the splice occurs; if at the place of maximum bending 
moment, only the bending stresses need be considered, shear being 
zero; if near the end where the flange angles will take care (ft all the 
bending stresses, then only the shear need be provided for. 

Resistance to Bending. The necessary resistance to bending 
can be fumbhed by a flange plate, as in Fig. 133-a; by splice plates 
on the angles, as^jflates m in Fig. 133-b; or by splice plates o in Fig. 


179 



170 


STEEL CONSTRUCTION 


133-c; or by any combination of them. In either case the moment 
of inertia of the net section of the splice plate must equal that of the 
web plate, or such portion of it as is needed at the place where the 
splice occurs. It must be iiotctl that a web plate which must be 
spliced loses some of its moment of inertia because of the holep for 
attaching the splice plates; consc'quently, it is better, if practicable, 
to use a form of splice which will add no rivet holes. If a flange 
plate is used as a part of the girder section, then an additional flange 
plate may be used for splicing the web. If there is no flange plate 
in the girder section, then plates such as vi, Fig. 133-b, may be ifted 
to advantage for all or part of the web splice. 

Taking for example the girder in Fig. 110, the web plate is 48*^ 




/n. 







MIUIIIIIII 

FIs- 134. Bplioe lu Plate Oirdcr 
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Fi'S- 135. Bracket for Braciag 
Top Flange of Girder 


X A*'. Its net moment of inertia is 2020, p. 141. Two flange plates 
14'^ XF, after deducting 2 rivet holes from each, have a net value of I 
/=2xl2iXiX24.9 X24 9=,3800 
which is more than required. 

Taking the girder shown in Fig. 115, if a flange jplate^shquld be 
used for splicing, the angles would be weakened by the pvet holes' 
for attaching the plate. If plates such as m, Fig. 133^, are used, 
no additional rivets are needed. Try four plates o^Xi". Their net 
value of I after deducting one rivet hole for each is 
* /=4X4jXiX20iX20|»2600 

which is near enough to be*^ satisfactory. 







STEEL CONSTRUCTION 


171 


In a similar manner, plates o, Fig. 133-c, are found to be A'. 
The strength of -the splice plate must be developed by rivet bearing 
in the web plate requiring 10 on each 


side of the joint. Although this is the 
most direct method of splicing for bend¬ 
ing, it is not as economi<*al as either of 
the other methods given above. 

ResiMaiwe to Shear, For resisting 
shear, the splice plates are in the form of 
the plates p, Fig 133-c. On each side of 
the joint there must be enough rivets to 
transmit the total shear. They may be 
in one or more rows. The thickness of 


GlffOCfF 



Fig 13(1 Knuo for I'liitc (iiriliir 


each plate must be at least half that of the web jilate and is sub¬ 
ject to the same minimum. Hence, in this case the thickness is 
made A inch. 



Fig 137 Brace for nnd r 


Position of Spikes. Girders completed in the .shop will have splices 
arranged to come at different places; thus the w'eb may be spliced at 
the center and the angles near one end; .still lietter, one angle may be 
spliced omone side of the center and the other on the opposite side. 
Of course, in a field splice all the elements are joined at one place. 
The method of computing is the same as has been given for the 
individual part^ of the girder (bearing in mind that the rivets are 
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field driven). Fig. 134 illustrates such a splice made up from the 
several splices shown in Fig. 133. 

Problem 

Design field splice for plate girder shown in Fig. 115. 

Lateral Support. Girders, like beams, must be supported later¬ 
ally to prevent the compression flange from buckling. Schneider’s 
Specifications provide that “the unsupported length of flange shall 
not exceed 16 times its width. In plate girders used as crane run¬ 
ways, if the unsupported length of the compression flange exceeds 
12 times its width, the flange shall be figured as a column between 
the points of support.”* 

In most cases the lateral support is provided by the joists or 
floor construction. Where this is not the case, the supports can be 
provided in a number of different ways. For lengths up to 25 feet, 
the necessary stiffness can be provided by the use of wide flange 
plates. For greater lengths, box girders may be used, if the load 
warrants their use. Fig. 135 shows a plate girder to which a joist 
connects near the bottom. From this joist a bracket extends up to 
and supports the top flange. The corner brace indicated in Fig. 
136 sometimes may be used to advantage. 

As provided in Schneider’s Specifications, crane girders whose 
length exceeds 12 times the width must be designed as columns. 
The method is the same as given hereinafter for columns. 

The ends of the girders must be especially well secured against 
overturning. When connected to columns or other girders, the 
desired result is easily attained by the use of web angles or top con¬ 
nection angles. If the end rests upon and is built into masonry, the 
required support is thus provided. Fig. 137 shows one girder rest¬ 
ing on another and braced thereto. 


*rfyfi<ac(t9>w Atn«r%«an Son«ty of Cmt XHgimera, Vol LIV, p. 495. 
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PART III 


CX)MPRESSION MEMBERS-COLUMNS 
STEEL COLUMNS 

Definitions. A column (or strut) is a memher subjected to 
compression in the direction of its lonf^itudinal axis, i. e., subjected 
to axial compression. The term ‘‘column” is usually applied to a 
\'crtical membfer subjected directly to a gravity load. The com¬ 
pression members of trusses, and also small isolated incml)crs, and 
members in other than the vertical position, are calltHl “struts”. 

A series of columns in a vertical line is cnllc<l a “stack”. 

The columns in any one story of a building constitute a “tier”. 

Loads and their Effects. Comjmifttum of Umds. The loaxls on 
a column are applied to it by the column section above and through 
the connections of other members or other n -iteriuls. Most com¬ 
monly this is through beams and girders. Ihe amounts of these 
loads may be taken from those previously computc'd for the Iwams 
and girders, or may lie computed direcjtly from the floor and wall 
areas tributary to the column. The former method is easier when 
the loads and areas are irregular, and the latter when the loads are 
uniform and the arrangement of beams regular. Practical exam¬ 
ples of computing the loads are given later in this book. 

The ideal condition of loading of a column is had when the load 
is applied uniformly over the top of a column, and when the bottom 
of the column bears evenly on its support or foundation. In a 
stack of^oolumns, the load on any column which comes from the 
column above is usually applied in this ideal way. But the other 
loads are generally applied to the sides of the column through beam 
connections, in many cases with greater loads on We side than on 
the other. »* 
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Loads applied centrally, or which are equally balanced on oppo* 
nte sides, are called ^'concentric loads”, Fig. 138-a. Loads applied 

to the sides of the column and not balanced, 
or those which bear on top but are not cen¬ 
trally placed, are called “eccentric loads”. 
Fig. 138-b. These terms apply to the bear¬ 
ing at the bottom of the column as well as 
to the loading at the top, but usually the 
l)caring at the bottom is made uniform, i. e., 
concentric. 

ConreMric Loads. Concentric loads. 
Fig. 139, produce direct or axial compres¬ 
sion in the column. This compression may 
be considered as evenly distributed over the 
entire cross section, even if the loads be 
balanced loads connected to opposite sides 
of the column. Then the unit stress P on 
the column is the load W divided by the area 
A\ which is expressed by the formula 


Conversely the capacity of a column or its total permis¬ 
sible load is the allowable unit stress multiplied by the 
area: 

W^P A 

For example, assume the load on a column to be 
190,000 pounds and the area of the assumed column 16.4 
square inches. Then the unit stress, or average compres- 
190 000 

Sion, IS . ' . or 11,585 pounds per square inch. 

• 16.4 

Eccentric Loads. Eccentric loads. Fig. 140, produce 
axial compression and in addition cause bending stresses. 

The axial compression is determined in the same way ||[||| 
as for concentric loads^' and the bending stresses in the 

Ft*. 139. Di»- 

same manner as for beams, p. 81. cnmoie^ 

The bending, or eccentric, moment of the load is ^e 
amount of the load multqilKSlB by its distance from the neutnd 




(o) U>J 

FU 138. Diagram Show ins 
Examplaa <■( (a) Conrf^ntriP 
Loaua and (b) Eaoontrir 
Loaaa 
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the Gohimn. The sum of the axial compression per square inch and 
the maximum compression fiber stress per square inch is the maxi¬ 
mum combined stress resulting from the eccentric load. (See Flex¬ 
ure and Compression for Beams, in “Strength of Materials”, Part 
II.) This is illustrated in Fig. 140. W' is an eccentric load. The 
direct stress in the column is represented by the area abed and 

equals W. (This area may represent the total 
load on the column if there are other loads than 
f-n /e"Af bending moment produces the com- 

pression obh' and the tension o r c'. Then the 
maximum fiber stress in the column is a h', being 
the sum of o 6 and b h'. On the side opposite to 
the eccentric load, the tension due to bending 
overcomes part or all of the compression due to 
direct stress. The result in this case is dr'; but 
the stress in this side of the column rarely needs 
consideration. Of course, the eccentricity may 
be so great that the opposite side of the column 
is in tension, but even this does not require 
attention unless the column is spliced. 

The total stress prcMluced by all the loads 
equals the sum of the strt'sses produced by the 
loads separately*. Some authorities allow 
fourtha of the bending mcmerd to be used in 
computing the effect on the column. This prac¬ 
tice is satisfactory and is followed in the illus¬ 
tration used later in this book. 

Typical Cases. The entire load on the col- 


\ 


140 


Diagnm of 


umn, including its own weight and the weight 
of the fireproofing, must be determined (making 
no distinction between concentric and eccentric loads). Then 
ccunpute the bending moments due to the eccentric loads, 
dividing these moments between the respective axes of the 
column. . 

(a)^A8 an example, refer»tb Figs. 139 and 140, letting them 
repteaent the same column. Assume W a concentric load of 100^000 


'*¥lik atattiiMiit IftBOt eneUy eomet but rppmvitu tunial practice. 
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pounds; W' an eccentric load of 50,000 jjounds; and e an eccen¬ 
tricity, or lever arm of W', of 10 inches. Then 

Total load -100,000+50,000 = 150,000# 

The bending moment due to the eccentric load is 
M = 50,(XX) X10 = 500,000 in.-lb. 

As a trial section, take a column made of 1 PI. 12*^ and 
4Ls (^X.'ip'xr which c, the distance from the neutral axis to 
the extreme fiber, is 6.125 inches; r, the radius of gyration about 

the same axis as the bending moment, is 5.(X) inches; ~»the section 

c 


modulus, is 74 7 inches'*; and A, the area, is 18.2 square inches. 
'I'hti average stress resulting from the total loatl is 


l.W,(K)0 
IS '2" 


= 8240# per sq. in. 


This is represented by a h in Fig. 140. 

The nmxirnum fiber stre.ss resulting from the bending moment, 
taking thw'e-fonrths of the computed moment, is 


] X 50(),{^M) 
74 7 


= 5020# per sq. in. 


This is represented in Fig. 140 by b h’ and c c* in compression and 
tension, res|)ectively. 

Then the total maximum filwr stress in the column is 
8240 + 5020= 15,260# per sq. in. 


This is represented by a h'. 

The method of determining the allowable stress has not yet 
been given so it cannot be <le<‘ided whether the trial section given 
above is satisfactory. 

(b) Fig. 141 illustrates castis of concentric and eccentric load¬ 
ing. In each of them there may be a concentric load from the 
column sec'tion above. In Fig. 141-a, the loads are concentric, pro¬ 
vided those on opposite sides are equal and balance each other. 
If jtt be omitted, o becomes eccentric, but as" it connects to the web 
of the column the eccentricity is small and usually is imglected. 
If n be omitted, p becoines eccentric wnth a moment arm e and a 
bending moment pXc* If » is less than p, the difference is the 
eccentric load and the ben^ipg moment is (p—n) Xc. In Fig. 141-b, 
the load,^ti is eccentric about the aaas and the bending moment 
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is The, resulting fiber stress must be computed from the 

moment of inertia about the same axis. The load v is eccentric 


about the axis I-Jf, and the bend¬ 
ing moment is The result¬ 

ing fiber stress must be com¬ 
puted from the moment of inertia 
about the same axis. Both 
eccentric loads produce comp^e^- 
.sion at the corner d, hence the 
effects of both must be atlded to 
the axial stress produced by the 
total load, in order to determine 
the maximum fiber stress in the 
column. 

As an example, take Fig. 
141-band assume the following 
data, taking for the trial section, 
u column made of 1 PI. 12" Xf" 
an<l 4 Ls O^X^Sl^Xf^from which 
l^ is 213; is 721; c^ is 0^"; c, is 
Of; c, is 7"; is 9^; and A is 2' 



E: 


( 6 ) 


I'lK 1-41 OiAKrttinH ShoivinK fiv) f'oni'nutrx 
Load aud <.b> Ufoentru. Iviiadn i,n CViluiiih'i 


7 s( 4 . in. 


Concentric load from column .section al>oi.c = loOjCKK) 

30,000 
u= 45,(KK) 

Total load =22r>,fK)0# 

Unit stress from total load = ’ „-- = 7575j^ per s (4 in. 

Jixi. i 

3/, =30,000 X 7 = 210,000 in.-lb. 
f- of this = 157,500 in.-lb. 

Unit fiber stress due to c = = —=4720per sq. in. 

^ 1 O 


3/,=45,000 X9J = 416,000 in.-lb. 

* I of this = 312,000 in.-lb. 

Unit fiber stress due to « = —— = 2050# per sq. in. 

Total fiber sttess at d=7575+4720-1-2650-14,945# per sq. in. 
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Problem 

A8(iuixif> a heavier oolumn section for the example given above and compute 
the total maximum fiber stress. 

Eccentric Load In Terms of Equivaleni Concentric Load. The 
effect of the eccentricity of the load can be expressed in terms of an 
equivalent concentric load, which can be added to the actual load 
and the resulting total be applied as a concentric load, giving 
the same maximum stress as if computed by means of the bending 
moment. The proportion to be added, if the full eccentricity is 
used, is given by the expression 

r* 

Or, if the rediu’tion in eecentricity is made in accordance with the 
rule on p. 175, the expression is 

r 

In these formulas If' is the eccentric load and H’/ is the 
equivalent concentric load. Before this method can l)e applied, it 
is necessary to select the trial column section, and from it compute 
the values of c and r. As the values of c and r for the trial section 
will Vary but little from those for the final section, it usually W'ill be 
unnecessary to correct the equivalent concentric load computed by 
this method. 

Referring now to the example illustrated in Figs. 139 and 140 
and explained on p. 176, the ec-centric effect is 

TIV = IX50,(KK)X ^^% - -91,875# 

.)Xo 

Then the total equivalent concentric load on the column is 

ir -HXl.OOO 
IP- 50,000 
91,875 

241,875# 

and the resulting stress in the column is 

24h875 it 

This mult agrees closely ydth the results obtained by use of the 
bending moment. It wo^d agm exactly if all the computations 

liO 
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and tke valCies of the properties were pven in more exact figures. 
Note that the equivalent concentric load is not carried down into 
the next lower section of column but disappears at the bottom of 
column section under consideration. 

PaoButif 

Compute the equivalent concentric load and the resulting unit, stress for 
the eccentric loads u and v in Fig. 141-b from the data given on p. 177. 

Streiu^h of Columns. The ideal column is perfectly straight, 
symmetrical, and homogeneous, but these conditions are never fully 
attained. The material may not be exactly straight, then inaccur¬ 
ate workman.ship, the punching of rivet holes, driving of rivets, 
abuse in handling, and internal defects of the steel, all co-operate 
to produce results somewhat short of iileal. These imperfections 
are of more importance with long than with short columns, and like¬ 
wise with small columns than with large ones. 

The foregoing conditions make it necessary to use lower stresses 
in columns than are use«l for beams; also to vary the stresses accord¬ 
ing to the length and size of the column. The relations cannot be 
expressed in a rational formula, that is, a formula deduced fropi 
theory, as is the case with beams; hence empirical formulas are 
u.sed, i. e., formulas based on experimental data. A large number 
of tests have been ma<ie to determine the effect of the length and 
size on the strength of columns. Several ff*rmulas have been 
derived giving results agreeing closely with the te.sts. 

Formula for Unit Stress. The simplest of these formulas and 
the one now most generally used is 

P = 16,0(K)-70*- 
r 

in which P is the permissible compression per square inch of cross 
section; I is the unsupported length of column in inches; and r is the 
least radius of gyration in inches. The radius of gyration rather 
than the side or the diameter is used as’ the measure of the size of 
the column as it relates more directly to the stiffness. 

From the above formula the allowable stress per square inch 
can be determined for any column having known values of I and r. 
Thus if and r=2.4*' 

P-16.000-70^» a6,000--5250» 10,750# persq.in. 

• 2A 
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Then the total c’apacity W equals PXA (p.l74); and assuming 
=12.0 sq. in. 

W'=10.7.^0X12 0 = 129,000# 

The end c-ondition of the eolunni has some effect on the strength. 
A eohiinn A^hieh has ends resting on pins or pivots will not support 
as great a load as one A\l\i( h has flat or fixed bearings. The formula 
given above applies to columns with flat or fixed ends and as these 
are us<*d almost uiiiversally in building construction, the other 
formulas need not be considered in this text. Pivoted and pin ends 
for eolnmiis occur in briflge construction and the necessary formulas 
for them are given in b»)oks on that subject. 

'ITie values given by the formula do not apply to very long or 
very short columns. The maximum value of P allowed (see Unit 
Stresses, j). Til) is 14,(M)() pounds. This corresponds to a value of 

~ = dO, so 14,(UK) must be used when - is equal to, or less than, 30 
r r 

In the other direction the limiting value of is 120, accordingto most 

r 

specifications. However, larger values may be used with safety if 
particular care is taken to avoid ec(^*ntricit\. 

Schneider'sSiiecifications provide that “Nocompression member 
shall have a length exci'eding 12r) times its least radius of gyration, 
except those for wind and lateral bracing, which may have a length 
not exceeding IfiO times the least radius of gyration.”* 

The formula takes into acixmnt only the average imperfections 
in columns, and makes no allowance for the different stales of 
columns. Nevertheless, it is known that columns with solid w'eb 
plates are more efficient than laced columns, and laced columns in 
turn ^ more c*fficient than columns wdth batten plates. There 
is no w’ell-established practice in reference to this but a rea¬ 
sonable allowance is to deduct from the values given by the 
formula 25 per cent for laeerl wlumns and 50 per cent for battened 
columns. 

* 

Having adopted a formula by which the allowable unit stress 
can l^.compqted, the example given on p. 17fi can be completed. 

*Traj^ctiotui Ammtatn CiW SttgtHMn, Val. LIV, p 49&. 
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Tlie trial section there used was a column made of 1 PI. and 

4 Ls 0*'X3J*’X Ui from which r (l^ast value) is 2.5()*'; and -1 is 18.2 
sq. in. 

Assume f —102*'. The allowable unit stress is 

P = 16,000 - 70 - = 16,(KX)-T0 = i:i,2(K)# [ter sq. in. 

r 2.5(1 

The maximum fiber stress computed from the ns.su!ned loading? is 
13,2()0 pounds jier stpiare inch, hence tlw trial section is satis- 
fac^ry. 

Taking the example on p. 177, the trial section of c«)lnnin is 
made of 1 PI. 12" X and 4 Ls (>" X3U X V, from Inch r (h‘ast value) 
is 2.68"; and A is 29.7 .sq. in. 

Assume / = 138". The allowable unit .stress is 

P = 16,000-70 -y^ = 12,4(M)# imt sq. in. 

2 (jS 


The maximum fiber stress computed from the assumed loading is 
14,945 pounds per square inch, hence the trial section is not large 
enough and a heavier section must be tried. 

Properties of Column Sections. In the ff»regoir>g discussion of 
the formulas, it appears that certain propertie of the column must 
be known before -the formula can be applied. The formula for 
allowable unit stress requires the radius of gyration r and the 
unsupported length I of the column section. If the column sup¬ 
ports an eccentric load, the moment of inertia 7, or the radius 
of gyration r, and the distance to the extreme fiber c must also 
be known in order to compute the maximum filwr stress due to 
bending. 

Area. The area A is computed by adding together the area.s 
of the several pieces which make up the column section. 3’be areas 
of the individuahpfieees are given in the handbooks. No deduction 
is made for rivet holes. 

’ Distance from Netdral Axis to Extreme Fiber. The distance to 
the extreme fiber from the neutral axis is readily computed from the 
dknmisicma of section. It must be taken from the axis 

about which the bending moment is computed. Thus, in Fig. 
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141-b, r, must be used in eonnection with the load u, and Cj in con- 
neetion with the load v. 

Moment of Inertia. The moment of inertia is computed by the 
method explained and illustrated on p. 37. It also must be taken 
in reference to the neutral axis about which the bending^ moment is 
computed. Thus in Fig. 141-b, 7 must be calculated in reference to 
axis 2-2 for the load v, and to axis 1-1 for the load v. 

Radius of Gyration. The radius of gyration is computed about 
each axis by the method explained and illustrated on p. 38. The 
lesser value is usually required for computing the unit stress, but 
either or both may be required for computing eccentric eff#!ts. 
Thus, in Fig. 141-b, both radii of gyration are used. 

There are conditions under which the larger radius of gyration 
is ust'd. One such case is that of a column built into a masonry 
wall in such a way that it is supported by the masonry in its weaker 
direction, Fig. 142. Then the larger radius is used, but designers 
are cautioned against using this unless the wall is so substantial that 

it gives real support to the col¬ 
umn. A casing of brick or con¬ 
crete or a poorly built brick wall 
is not sufficient. 

It sometimes happens that 
a column is supported in one 
Fig. i'*2 Senuon fihovnng Coiuiiin Supportori <Hrection at clqscr intervals than 

by Maaonry in Ila Weaker Direction . , 

* in the other direction. The 

weaker way of the c*olumn should lie turned, if practicable, in the 
direction of the closer supports. Then the design may be governed 
by the lesser radius combined wdth the shorter length; or by the 
greater radius combined with the longer length. 

Unsupported Ijcngth. The length I is needed for solving l^ie 
allowaible unit streas. It is expressed in inches and is the unsup¬ 
ported length of column. This unsupported length is usually 
n^asured from floor to floor, but if there are deep girders with rigid ‘ 
connections, the clear distance between girders may be taken as the 
length. 

Problim 

' If 

Compute tne.values of Af I„ c„ c, aad for theiSohima aeotioiui, 
which ate ahown in. Hg. 143. ^ 
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Ortumn Sections. Practically all rolled seetious of steel m$y 
be used as columns or struts, but only a few of them are economical 
when usisd alone. Most columns are built up of several pieces. 
Fig. 144 shows a number of sections. 

SecHofi a. The single angle is not economical but may be used 
for a light load. When used, its radius of gyration must be taken 
about the diagonal axis. 

Section b. Two angles make a satisfactory strut for short 
lengths and light loads. Usually angles with unequal legs are used, 
with the long legs parallel. The radii about both axes are nearly 
the same for most sizes. The value about the axis 2-2 can be 
varied somewhat by the use of fillers Iwtween the angles. Such 
fillers should be spaced two to tlirt‘e feet apart. 



Fis. 143 Diagrainii fur JSNtiuiatiug Pnjitcrtieii of uluinn Soctiuns 


Section c. The star strut is made of two angles with batten 
plates. The batten plates in each <lirection are spattid from two to 
four feet apart. They must be wide erfough for two rivets in each 
The least radius is about the diagonal axis 3-3, In accord¬ 
ance^ with the rule, p. 18(), this being a battened section, the unit 
stitess should be only one-half that given by the formula. Conse- 
quentjiy, the section is not economical but is suitable to use when 
the load is light. It is quite useful as a brace between trusses and 
othet similar situations. 

' Section dL Four angles placed at the corners of a square and 
joined together with lacing bars can be made to have a large radius 
of gyration with a small area. This makes a column suitable for 
supporting light loads on a long length. It is not suitable for 
e^ntric loads, ^e spacing of the angles may be made as great 


1«6 . 
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as required 'by the conditions. The allowable unit stress on this 
section must be reduced on ac'count of the lacing in accordance with 
the rule, p. 180. However, if the column is filled and encased in 
concrete, the full unit stress may be usctl. It is well mlapted to 
use in this way. On account of the weight of the lacing and the 
cost of shop lalH)r, this section is more ex[H*nsivc than most others 
for a given henc*e it is used ordy for conditions descril>ed 

above. 

Sectifm e. When the angles are placed in this form, the cost (if 
shop work is somewhat reiluci^d, hut otlierwise the above eominents 
apply. 

Section f. The Cray vohnun* is made of eiglit angh's joint'd 
together in pairs and these pairs are assembled into a column by 
means of batten or tie plates. The batten plates are usually made 
S" X I*' and spaced 2'-6", center to center. The advantages of this sec¬ 
tion are its large radius of gyration and ease of making connections 
for beams and girders. Its disadvantages are that it is a battened 
column and, therefore, not capable of c;arr\ing the full unit stress 
given by the column formula; and that the expense' of its manufacture 
is high, due to the bent batten plates. It has Ix'en used extensively 
with the full unit stress; however, it seems more reasonalde to make 
some reduction. Since the battens are quite rigid the column is 
probably as good as a lact'd column, hence i' can Ix' used with a 
reduction of 25 per <jent from the full unit stress. This column is not 
adapted to ecc*entric loads ai«l is Ijest suited to load conditions 
which would bring in equal loads to each of its four parts. This 
seldom (Xicurs, the most common arrangement lieing two girders on 
opposite sides and two joists on the other sides. 'I'hus two 
segments of the column are loaded much more heavily than the 
other tW'O. The batten plates cannot be relied upon to equalize 
the load, but heavier angles can be used fur the heavier loads. If 
thb system of proportioning each segment to suit the loads which 
connect directly to it is used, the chief objection to this type of 
column is eliminated. 

When filled and encased in concrete, the Gray column is very 
rigid and can then be loaded to the full unit stress. It is especially 
suitab le as the core of concrete columns, and can be'used thus in 

*m«isnedand palmaad by i. H. Gray, C‘.£., New York, N. Y. 
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connection with reinforced concrete floor fralning. When so used, 
the column /nay be rotated 45 degrees from the axis of the girders 
if it is desired to pass the reinforcing rods thn)ugh the column. 
The l)earing of the l)eams ar)d girders in part can be directly on the 
concrete corc‘ aiid in part on lug angles riveted to the faces of the 
column. 

The dray column can be made any «lesire<l size using any 
standard angles. The practicable limits are ten inches square 
(minimum) and twenty inches square (maximum) 

Section g. A column made of fmir angles laced has little merit as 
compared with the plate and angle column which is next described. 
Its only claim is that in some casc's it may be cheaper to use lacing 
than to use a web plate. This would be s(3 if there w’ere some 
special ct>ndition requiring a deep column. As with other laced 
columns, it should not be allow'ed the full unit stress and should not 
be subject to any considerable eccentricity. 

Sectum h. The phte and angle column is probably the most pop¬ 
ular shape for buildings. It does not give the most economical dis¬ 
tribution of metal, as the value of r is much greater about the axis f-/ 
than about 2-2. Its advantages are economy of manufacture and 
case of making connections. Advantage can be taken of the greater 
value of r (and therefore of 7) about the axis i-/, in providing for 
ecc“entric loads by so placing the c*olumn that the bending moment 
is about this axis. 

Sectwm i, j, and k. In the use of he^vy forms of jdaie and angle 
columns, a considerable variation in area can be made by varying 
the thickness of metal, keeping the depth constant, and making only 
a .slight change in the width. If greater ah^a is needed, flange and 
web plates may be added as in i, and still greater area may be 
secured by using the forms j and k. Section k is difficult to fabricate. 
The flange plates must be riveted to the center web first, and aft^ 
thi.s is done it is difficult to insert the outside web. 

Sectiop, 1. Tico channels laced have a large value of r in proprn^ 
tion to the area. The channels can be so spaced that the values of 
r for both axes are about equal. This section, of cedumn has the 
same disadvantages as to unit stress and eccentric loads as otiaff 
laced columns. The connections for beams fuid oedumns are mi^ 
difficult to make than on ffhlde and angle cdumns. 

in 
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Sections m, n, and o. llie eolumns made of channels and plaka 
have good distribution of metal. Their chief disadvantage is the 
difficulty of making connections. All rivets in connections, except 
those which go through the flanges of the channels, must be driven 
before the plates and channels are assembled. The section o, having 
three webs, has the same difficulty of fabrication as section k. Ob¬ 
jection is sometimes made to the closed box section. This is dis¬ 
cussed later. 

Sections p. and q. Section p is the standard Z~har cohmn, and 
section q is the Z-fear cohmn %cith flange plates. The distribution 
of metal is not as good as in channel columns and the connections 
are even more difficult. Tbe.se sections were formerly much used 
but now only rarely. 

Section r. The standard I-beam is not an economical column 
section but is used to meet special conditions. It is suitable when 
built into a solid masonry wall with its web perjjendicular to the 
axis of the wall. It is thus supported sidewise continuously and 
can be designed in reference to its larger radius of gyration. In 
apartment or residence work it is sometimes so desirable to keep 
the column within the thickness of the partition that the lack of 
economy of the I-beam column is justified. 

Sections s, t, v, and v. The columns t, v, and v are not much 
used. There are no serious objections to any i/ them, and they may 
have advantages in special situations. Quick service from stock 
material may require the u.se of these sections. 

Section u\ The Carnegie H-sediorls are designed especially for 
use as columns. There are only four sizes, viz, 4, 5, 6, and 8 inches, 
respectively, and only ohe weight for each .size, consequently their 
range of usefulness is very limited. The radius of gyration about 
the axis 1-1 is greater than that about 2-2, but the distribution of 
metal is as good as in any H-shaped column. They are economical 
because so little labor is required for fabricating them. Only the 
fl-inch and 8-inch sizes can be used where beams must be connected 
to ^ flanges. 

Sections x and y. The Bethlehem columns have a large range of 
snzes and wdghts. If the H-sectioh in ® is not heavy enough for the 
Ic^, it can be increased by riveting on flange plates as in y. 'Hie 
advantage of tius4ype of cdumn b economy of fabricarion, the only 
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riveting rf'quired being for connections, except when flange plates 
are used. A part of this advantage is lost in the heavier sections 
beeause all holes must l>e drilled, due to thickness of metal. The 
thick metal is not as strong nor as reliable as the thinner metal used 
in built-up sections. 

Tables. No comprehensive set of tables giving the properties 
and strength of (‘olumns has been published. But there are many 
partial tables which are f>f great assisti||||pe in designing. These 
tables can l)e divided into three classes as follows: (1) tables giving 
the proiH*rties of the sections; (2) tables giving the values of the 

allowable unit stresses for different values of and (3) tables giving 

f 

strength of columns of various sections and lengths. 

Pro'pertifH of Sertionx. 'I’lie properties of sections needed are 
area A; radius of gN ration r; moment of inertia 7; and distance to 
extreme fil)er c. (See p. ISl). If the column is a single rolled 
section, its proix'itics can be taken from the tables in the handbooks. 
The values for standard angles and I-beams are given ind^l the 
handbooks; for the ('’arnegie H-columns, in the Carnegie rocltet 
romf>anion, 1913 edition; and for the Bethlehem columns, in the 
Bethlehem handbook. 

Built-up columns may be made up in such vast numbers of 
combinations that no complete or very extensive tables have been 
published. However, the more common sizes are given in some of 
the handbooks. The area A and the distance to the extreme fiber 
c are readily computed from the sizes of material used in the column. 
The Cambria and Carnegie (1913) handbooks give the radii of 
g,\'¥ation r and the moments of inertia 7 for laced channel a)lumns, 
plate and channel columns, and plate' and angle columns. The 
Carnegie handbook (1903) gives these properties for Z-bar columns. 
Similar data for about the same range of sizes are given in a number 
of other books on steel construction. 

AUmmble Unii Stress. The allow'able unit stress adopted for 

this work has been given and illustrated heretofore. Its formula is 

* 

. * ''P = 16,000- 70- 

f 

This is sometime^ known^^ the American Railway 
formula and is hereinafter refmed to as the A. R. £. fcMrmufak 
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In the Carnegie Pocket Companion, (1913 Edition) pp. 254-5, 
lure shown a table and a diagram which give the values of P as 
determined from several other formulas. The formula recom¬ 
mended by the American Bridge Company does not differ greatly 
from the A. K. E. formula and may be used (unless local building 
ordinances require otherwise). 

The formula used by the Bethlehem Steel Company is 


P* 16,000 - 55- 
r 

with a maximum value 13,000. The resulting unit stresses for 

values of — greater than 45 are higher than given by the A. R. E. 
r 

formula, and for values of -- greater than 65 are higher than given by 

r 


the American Bridge Company formula. 

It saves much time in designing to have the values of P worked 
out for the usual values of I and r. Table V gives the values erf P 
for va}|j||es of r ranging from 0.1 inch to 6.0 inches and for IcnyiKhs 
ranging fropi 3 feet to 40 feet. Table VI gives the values of P for 


valu^ of — ranging from 30 to 150. 


Strength of Cohimns, As indicated above, there has not l>een 
general agreement on the formula for the allowable unit stress, 
consequently the tables of strength of columns which have been 
published have been based on several different formulas. 

. Tbe. Bethlehem handbook gives the strength of Bethlehem H- 
Golumns computed fropi their formula given above. Table VII 
gives the strengths of these columns based on the A. R. E. form#a. 
(Computed by the Bethlehem Steel Company, ft>r use in Chicago.) 

The Carnegie Pocket Companion (1913) gives tables for Car- 
H-columns, I-beam columns, channel columns, and plate and 
angle columns, based on the American Bridge Company formula. 

Table VIII gives the strengths of channel columns based cm 
the A. R. E, formula (computed by the American Bridge Company). 
The strengths of plate an^ angle columns based on the A. H. E. 
formula are given in a pamphlet ^'Specifications for Steel Structures” 
(plicago Edition), published by the American Bridge Company 
imd distributed by its Chicago office. 


m 
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TABLE V ^ 

Unit Stress in Compression in Columns 

Fur values of r from 0.1 to 6 0 and lengths from 3 feet to 40 feet Unit Stresses 
are given in Thousands of Pounds per Square Inch 


LENGTH OF COLUMN 


I 3nr4' r5''r6' i r rs' 19'“ho' rir 12' iis' m' ib' iiv 



0.7 


0.8 12 8 118 


0 9 13.2 


1.0 13.5 


1 

/2 


13 14.1 13.4 


14 


15 


1 6 14 4 13.9 


1.7 14 5 14.0 


18 14.6 14.1 


1.9 14.7 14.2 


2.0 14.7 14.3 


14.8 14 4 


2.2114.8 14.5 


2.3 14 0 14 5 


2 4 14.9 14.0 


2.5 16.0 14.7 


2 6|15.0 114.7 


2.8(16.1 114.8 


2.9116.1 14.8 


3.0115.2(14.9 


12 2 114 


12 5 118 


12.8 12.1 


13 4 


13 5 


13 7 13.2 


13.8 13 3 


139 135 


12 1 115 


11.8 


12 9 12 5 



13.2 

12 8 

13.3 

129 


14 2 113.8 


14.2 13.9 


14.3 14.0 


14.4 


14.5 


14.5 14.3 


131 


13 2 


136 |133 


iFfirffi nnni 


14.0 13.7 


13.8 


10 2 


10 6 


113 10.9 


12.0 11.6 11.1 


11.4 


12 4 12.0 11.6 


11.8 


12.7 12.3 120 


12.8 12.5 12.1 


130 12.6 12.3 


12.8 12.4 


12.9 12.6 


13.0 12.7 


13.4 13.1 12.8 


13.5 13.2 12.9 


8 2 7.6 


8 8 8.2 I 7 6 


8 7 8.2 


9.7 9.2 8.6 


10.4 9.9 9.5 


10.7 10.2 9.8 


11.0 10.5 10.1 


11.2 10.8 10.4 


11.4 11.0 10.6 


11.6 11.2 10.9 


11 8 114 11.1 


11.3 


12.1 11.8 11.5 


12.3 12.0 11.6 


12.4 12.1 11.8 


12.5 12.2 kl.9 


12.6 12.4 12.1 


7.0 I 6 4 


70 


8 176 


8.6 8.1 


90 85 


9.4 8.9 


9.7 


100 9.6 


10.3 9.9 


10.5 10.2 


10.7 10.4 


11.0 10.6 


11.1 10.8 


11.3 11.0 


11.5 11.2 


1L7 11.4 


11.8 11.5 


iir 


ggOBBi 



10' ir 12' iy 14 ' ir hr 








































































































































































































































STEK. tJONSTRUCTXON 


191 


TABLE V (Continued) 


Fonaula P-10,000-70” 

in ^diioli P unit Btrau in pounds per square inch 

rv radius of gyration in inches 
length m inches 

TTuit stresses above the heavy sigsag hue are values of ” from 125 to 150 


ir IIS' iy 


5.8 


65 59 


7.1 6.6 


7.6 7.1 


8:i 7.6 


8.0 


8.0 I 8.4 


8.8 


0.5 9.1 


6.8 9.4 


10.0 


10.S 9.0 


10.8 10.2 


10.7 10.4 


10.9 10.6 


11.1 ia8 


11.2 




6.0 5.5 


6.6 6.1 5.6 


7.1 6.7 6.2 


78 7 2 6.7 


8.0 7.6 


8.4 

8.0 

8.7 

8.3 

9.0 

8.6 

9.3 

8.9 

9.5 

9.2 

9.8 

9.5 

10.0 

9.7 

10.2 

9.9 

10.4 

10.1 


7.6 


8.0 I 7.6 


8.3 7.0 I Z.6 


8.6 8 3 7.0 


&0 8.6 8.2 


9.2 88 8.5 


0.4 0.1 8.8 


9.6 96 9.'0 


9.6 i 9.3 




5.5 


6.0 5.6 


6.4 6.1 5,7 


6.9 I 6.5 6.1 5.8 I I 128 


B.9 6 5 6.2 5.8 5.5 


7.6 7.3 6 9 6.6 6.3 5.012.5 


7,9 7.6 7 31 6.9 J 6.6 6.312,6 


8.2 7.9 7 6 7.31 7.01 6.7 


8.5 8.2 7.9 7.6 7.3 7.0 2.8 


8.8 8.5 8.2 7.0 7.6 


9,0 8 7 8.4 8.2 7.9 I 7.6 


Wk 

“^EEI 
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* TABLE V (Continued) ^ 

Unit S£cess \f% Compression in Columns 

es of r fro=i 0.1 to G.O end lengths from 3 feet to 40 feet. Unit Stresses 
ftre given in Thousands of Pounds per Square Inch 


LENGTH OF COLUMN 


13' 14' 



18' 19' 


11.1 I 10.8 


11.3 11 0 


11.4 11.2 


11.5 11.3 


11 7 11 4 


119 


12 0 


12 1 


12 2 12.0 


12 .3 12 1 


12 2 



i 13 1 


14.5 

14.8 

14.1 

^4 0 

13 8 

13.0 

13 .5 

13 3 

13 1 

14.5 

EQE? 

mi 


14.0 

13.9 

13 7 1 


13 4 

13.2 

14.5 

iW 

14.1 

13.0 

13.7 

13 0 

13.4 

13.2 

14.6 

14.4 

14.3 

14.1 

13 9 

13,8 

13 0 

13 5 

13 3 

14.0 

14.4 


14.1 

14.0 

13.8 

13 7 

13 5 

13.3 



IfEOipi 



12 5 


12 S I2tt 


12 8 i 12 7 


12.9 


13 0 


13.01 12 9 


13 1 12 9 


13 1 13.0 


13.2 13.0 


13 2 1.3.1 


13.3 13 1 


13.3 13.2 


134 13.2 


13.4 1.3.3 


13.5113.3 




14' 


15' 


21 ' 
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TABLE VI 

Unit Stress in Compression 


Valupfl ofiP for valum of "=t30 to -- = 150 from the formula P*® 10,000-*70 — 
r r I T 


-p- ■ 


, 


H 

1 

lfl,000- 7(>- 

i / 

1 

16,000-70^ 

»■ 

. 

14,000 luftx 

’ r 

i 

1 

14,000 m»s. 

30 , 

13900 

105 

6650 

35 1 

13550 

no 

83(X) 

40 f 

13200 

1 115 

7950 

45 

12850 

1 120 

> 7600 

60 

12500 125 

1: 

7250 

55 j 

00^ 

1. 

121.50 ! 130 

118(XJ f 135 

6900 

0550 

05 

11450 

140 

! 145 

6200 

70 , 

11100 

5850 

75 

10750 

150 

5500 


|i 


80 

85 

10400 

1(X)50 

1 

1 

1 

1 


90 

9700 


95 

9350 


- 

1(X) 

9(KH) 




It must be uoteti tliat the tables of strength of columns take no 
account erf eccentricity. If there are eccentric loads, the equivalent 
conojntric loads must l)e computed by the method given on p. 178, 
and then these values added to the actual loads. This result gives 
the total lioad to be used in selecting the column section from the 
tables. 

Use frf the Tables. The following illustrations show the manner 
of using tne tables: 

ID Assume a concentric load of 492,000 pounds on a column 
12 feet loi%. Determine the required column sections made of plates 
and of plates and augles. Compare the areas of the 

two 

(a) iProm Table VIII, the channel column section required is 

2 C 12*’X30*' 

2P1. 

il!f^»36.9 sq. in. 
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♦ 

(b) From the table of plate and angle columns (sea handbook), 
the angle column section required is 

1 Ph rrxY 

4La(rx4''xr 

2 PI. H'xr 
Area a= 30.0 sq. in. 

In both cases other sections might Ik* selected. 

(2) Assume a load of 64U,(XX) pounds on a column 16 ^feel^ long; 
80,(XX) pounds of the load has an eccentricity of 9 inches in the direc-, 
tion of the greatest radius of gyration. Dtitermine the pla^ and 
angle column required, using the A. H. E. formula. 7 ^ 

A preliminary selection from the table indicates a column w^hiee 
greatest r is about 6.8 inches and whose c is about inches. FroiSi 
these approximate values the concentric equivalent load is 


Tr,= |XH0,(KK)X 


9X 8^ 
6.8X6 S 


- = 99.000# 


This added to the direct load gives a total of 739,0(K) pounds. The 
column section required is 

1 PI. bPxr 

4Ls6*'X4"xr 

2 PI. 14" XI A' 


The values of r and c for this section are 6.83 inches and 8 Aj inches, 
so the approximate values of r and r used above are accurate 
enough, hence no corrections need be made. 

(3) A.ssume a column which has an unsupportetl lengtl|||||^|'0 
feet 6 inches in its weaker direction and 18 feet in its strwigerliffel*- 
tion made of 

1 PI. 12"xr 
4Ls 6"X4"Xf 


Determine the allowable unit stress. 

From the table the values of r are 2.69 and 4.91 


le cor- 


rei^nding values of I are 126 inches and 216 inches; aadJIf — are 

43 and 44. The respective unit stresses are taken from Table Vl by 
interpolating between the values for 40 and 4.'>, giving 1.^390 ;and 
13,720. The jnnaller value must be used. 
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TABLE Vlji 

Safe Leads on Bethlehem Coli 
14' H-Section with Cover Pla 
Safe Loads are given in Thoosande of 


Weight 

Seotton 

U> 

per Ft 

Dimcnsionfl, in 

Art>« of 
Kiiction 
^u«ra 
Inches 

Least 
lUdiiu 
of Gyr, 
Inofaos 

CNSUPlt 

c 

P 

H 

10 

11 

11 

13 ' 


284 0 

16 

IH 

16^8 

83 52 


1160.0 

1142 4 

1124.8^ 

1107 2 

1 

290 8 

16 

lA 

16V4 

85 52 

3 99 

1188 2 

1170 2 

1152.2 

1134 2 

J 

297 6 


1»« 

167'h 

87 52 

4 01 

1217 0 

1198 0 

1180.4 

1162 0 

1 

304 4 

16 

lA 

17 

89.52 

4 02 

1245.2 

1226 6 

12^8 

1189.2 

1 

311.2 

16 


17*'^ 

91 .52 

4.04 


12.55 0 

I 23 R 0 

1207 0 

1 

318.0 

16 

1A 

17H 

9.1.52 

405 

1302 4 

128.3.0 

1263.6 

1244.2 

1 

324 8 

16 

IH 

17? H 

9.5 .52 



1311.0 

1291 2 

r271.4 

1 

Sfil.O 

16 

iir 

17?^ 

97 52 

4 08 

1.^59 6 

1339.4 

1319 4 

1299.4 

1 

3^18 4 

16 

1^4 

175^8 

99 .52 

4 09 

i:i88 0 

1367 4 

1347 0 

1326 6 

1 

345ua' 

16 

IH 

17?4 


4 10 

1416 t 

1.395.0 

1.374.8 

1354 0 

1 

350.3 

17 

1.’4 

mi 


4 30 

1447 0 

1427.0 

1406 8 

1386 6 

1 

3.57 5 

17 

lit 

17?4 

105 1,5 

4 31 

1477 4 

1457 0 

143G.4 

1416 0 

I 

364 7 

17 

IH 

ms 

107 ‘27 

4 32 

1507.8 

1486 0 

1466.0 

144.5 2 

1 

372 0 

17 

ifl 

18 

109 40 

433 

1538 2 

1517.0 

1495.8 

1474 6 

> 

379.2 

17 

2 

18>4 

111 52 

435 

1.569.0 

1.547.4 

1526.0 

1504 4 

J 

386 4 

17 

2 A 

183^4 

113 65 

436 

1599 4 

1577.6 

1555.6 

15.33 8 

1 

393.6 

17 

2^ 

185^ 

115.72 

4.37 

1629 8 

1607.6 

1585.2 

1563.0 

I 

400 9 

17 

2A 

181^ 

117 90 

438 

16602 

1637.6 

1615.0 

1592.4 

1 

4081 

17 

2H 

18^^ 

120 02 


1690 6 

1667.8 

1644.8 

1621.8 

1 

415.3 

17 

2A 

18?^4 

122 15 


1721.2 

1697.8 

1674.6 

1651.2 

] 

423 4 

18 

2*4 

im 

124 52 

4 62 

1766.0 

1743.2 

1720.6 

1698.0 

1 

431 0 

18 

2A 

ISH 

126 77 

4.63 

1798.4 

1775.4 

1752.4 

1729.4 

1' 

438 7 

18 

2»4 

iSH 

129.02 

4.64 

1830.8 

1807.4 

1784.0 

1760.6 

1 ; 

446 3 

18 

2A 

19 

131.27 

4.65 

1863.2 

1839.4 

1814.8 

1792.0 

l! 

454 0 

18 

2M 

19*^ 

133 52 

466 

1895.6 

1871 6 

1847.6 

1823.4' 

1? 

461 6 

18 

2A 

19H 

135 77 


1928 2 

1903.6 

1879.2 

1864.8 1 

469.3 

18 

2H 

19^ 

138.02 

4.68 


1935.8 

1911.0 

1886.2; 

{| 

476.9 

18 

2H 

19?^ 

140.27 

4 69 


1968.0 

19^.8 

1917.8 ; 

d 

484 6 

18 


19H 

142.52 

4.70 

[2025.6 


1974.6 

1949 2 J 


Columns composed of a 14'X14S# Special Cohunn Sect^ " 

sever plates and thiekness given in Ud>le» 
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YabIE VII (Coiiynu«d) 


FonttUla P»16;000-70<~ 

straw in poonds per a^asre inah 
■radios of gyratton ia i&chm 
Klengtli in inches 

of heavy line values of — do not exceed 120 





20 

22 

24 

28 i 

32 

36 

983.8 

948.6 

913.2 

842.8 

772.2 

701 8 

1008 2 

972 2 

936 2 

864 2 

792.2 I 

720 2 

1033.6 

997.0 

960 4 

,887 0 

813.6 

740 4 

1058.2 

1020 8 

983 4 

908,6 

833 8 

759 0 

1083.8 

%045.6 

1007 0 

931 6 

855 4 

779.2 

1108.4 

1069 6 

1030 8 

953.2 

875 6 

798 0 

1133.0 

1093.6 

1054.0 

975 0 

896 0 

816.8 

1158 8 

1118.6 

1078 4 

998 2 

917.8 

8.37.6 

1183.6 

1142.6 

1101.8 

1020 0 

9;i8 2 

856 0 

1208.4 

1166 8 

1125 2 

1042.0 

958.8 

875 (i 

1245.8 

1205.6 

116.5.4 

1084 8 

1004 4 

923 8 

1272 6 

1231 6 

1190.0 

1108.6 

1020 6 

944 6 

12f>9.2 

1257 4 

1215.8 

1132 2 

1048.8 

965 4 

1326.0 

1283.4 

1241.0 

1166 2 

1071 2 

986 4 

1353.6 

1310 6 

1267.4 

1181.4 

1095 2 

1009 0 

1380.4 

1336 0 

1292.8 

1205 4 

1117.8 

1030 2 

1407.2 

1362 8 

1318.2 

1229 2 

1140 2 

1051 2 

1434.2 

1389.0 

1343.8 

1‘253.2 

1162 8 

1072.4 

1461.0 

1415.0 

1369.2 

1‘277.2 

1185.4 

1093^ 

1488!o 

1441.4 

1394.8 

1301 4 

1208.2 

111.5.0 

1539.6 

1494.2 

1449 0 

1358.4 

1267 8 

1177 2 

2568.4 

1522.4 

1476.4 

1384.4 

1292 4 

1200 4 

1507.2 

1550 4 

1503.8 

1410 4 

1316.8 

1223 4 

1626.0 

1578.6 

1531.2 

1436 4 

1341.4 

1240.0 

1655.0 

1606.8 

1558.6 

1462.4 

1366.2 

1269 8 

1683JSi 

1635.0 

1686.2 

1488.6 

1390.8 

1293.2 

1722.S 

1663.4 

1613.8 

1514.6 

1415.6 

1316.4 

1741.8 

1691.6 

1641.4 

1540.8 

1440.4 

1.339.8 

1770.8 

1729.0 

1669.0 

1667.0 

1465 2 

1363 4 



684 0 
703 2 
720 4 
737 8 
757 2 
774 8 

792.4 

843.4 
8<i2(>l 
882 0 

901.4 
923 0 
942 6 

962.2 
982.0 

irX)1.8 

1021.6 

1088.8 
1108 4 
1130.0 
1151 8 

1173.6 

1195.4 

1217.4 

1230.4 

1261.4 


Weight 

Hei’tion 

I.b 

per Ft. 


284.0 

290.8 

297.6 

304.4 

311.2 
318.0 
324 8 
3in 6 
338 4 

345.2 

350.3 
357 5 

364.7 
372.0 
379 2 

386.4 
393 6 

400.9 
408 1 
415 3 

423.4 
431.0 
438 7 

446.3 
454.0 

461.6 

469.3 

476.9 

484.6 





















^tion 

Niuobw 


17S5 
H14 1S«5 



236 0 

314.5 
253.0 

261.5 
2700 
2785 

287.6 


TABLE VII (Continued) 

Sale Loads on Bethlehem CoHumns 
14' H-Section 

Safe leads are given in Thousands of Pounds 


Dioifiiifioiu, Inches 



2i)06 
31 3S 
08 33 70 
12 36 01 
10 38.38 
19 40 59 
23 42 9.-) 
45.33 
47 71 


Iht 14 36 
lA 14.39 
VA 14.43 
lA 14.47 
ih 14 51 
IH 14 54 
1*4 14 58 
IH 14.62 


5011 
52 51 
54 92 
57 35 
59 78 
62 07 
64 52 
66.98 


IVil 14.66 I 69.45 
71 94 
74 43 
7693 
79.44 
.81.97 
84.50 


liCMt 
Tisdius 
of Gyr, 
Inches 


UNSUPPORTED LENGTH 


10 

11 

12 

13 

14 

332 2 

326 2 

320.4 

314.4 

308.4 

363.8 

357.4 

350.8 

344.4 

338.0 

395 2 

388 2 

381 2 i 

374.2 

367.4 

427 2 

419 8 

412 2 

404 8 

397.2 

4.)9 0 

451 0 

443 0 

435 0 

4270 

491 4 

482 8 

474 1 

465 8 

457 2 

523 6 

514 4 

505 4 

496 4 

487,2 

554 2 

544 6 

5:«,2 

525 6 

516.2 

586 8 

576 0 

566 6 

656.6 

546.6 

619 8 

609 2 

598.8 

688 2 

577.6 

652 6 

6416 

630 6 

619.4 

608.4 

686 2 

674 6 

663 0 

6514 

639.8 

719 4 

70f 2 

695 2 

683.0 

671.0 

7.52 6 

740 0 

727.4 

714.8 

702.2! 

786 6 

7736 

760 6 

747.4 

734.4 

820 4 

806 8 

793.2 

779.0 

766.0 

8,52 2 

838.2 

824.0 

810.0 

795.8 

886 2 

871.6 

857.0 

842 4 

827.8 i 

920.4 

905.4 

89(»2 

875.0 

860.0 

955.2 

939 6 

924 0 

KTTlCl 

892.8 

989 8 

973.R 

i 957.6 

941.6 

025.4 

1024.6 

1008.0 

991.4 

974.8 

958.0 

1059.4 

1042.4 

1025.2 

1008.0 

091.0 

1095.0 

1077.4 


10112.2 

1024.6 

I13fi.4 

1112,2 


1076.0 

1057.8 

1165.8 

1147.0 

1128,4 1 

1109.8 

1091.2 






























TABLE VI1 (Continued) 

Formula P-16,000-70 i 

f 

in which P—unit stress in pounds per square inch 
r—radius of |(yration in inches 
/-length in inrhcs 

To the left of heavy line values of ~ do not exceetl 120 



OP COLUMNS IN FEKT 


15 16 18 20 22 24 28 32 36 40 


296.6 284 8 273.0 261 0 249 2 225.6 201 8 178.2 15 

331.6 1 325 2 312 2 299 4 286,4 273 6 247.8 222 0 106 2 17 


3534 
382.2 
410 8 
440 2 
460 2 
497,0 
526.4 
556.6 
586 2 


628 4 616 8 

658.8 646.8 

689.6 677.0 

721.2 708,2 

762.4 738.8 

781.8 767.6 

813.2 798.6 

844.8 829.6 

877.21 861.6 
883.2 
024.8 8 

966.6 


3^9 4 325 4 
367 2 352 4 
394 8 378.8 
423.2 406 0 
451 0 433 0 
478.0 459 0 


311 6 
337 4 
362.8 
389 0 
414 8 
440.0 
466.2 
493 2 
519 8 


297 6 
322 4 
346 8 
3720 
396 8 
420 8 
446 0 
472 2 
497 6 


676 2 
603.4 
629.8 


711.2 683.2 655 0 


828.8 796 6 764.2 
858.4 825.0 791.8 


699 8 635 4 

725.2 6'i8.8 



269 6 2418 213.8 

292 4 262.4 232 4 202.6 

314 6 282 6 250 4 218.4 

337.8 303 8 269.6 

3(K).6 324 2 288.0 

382 8 344 6 306.6 

405 8 365.6 325 4 

430 0 :1S7 8 

453.4 409.0 



.570 4 547 4 524 2 478 0 4.31 8 38.5 4 339 2 

5^ 4 574.4 550 2 501 8 453 4 405.2 356.8 

626 6 601 4 676 2 525 8 475.4 425.0 374,6 

655.8 62G.6 603.4 651.0 498 6 

084.4 657.0 629.8 575 4 .521.0 

683.2 655 0 * 598.6 542 2 


498 6 446 4 

521.0 406.6 

542 2 485.8 


740.2 711,0 681.8 623 2 564 8 506,4 

769.2 739.0 708.6 648 2 587,6 527.2 

799.2 768.0 736.8 674.4 612.0 549.6 1 48 


670.8 


979.4 942.2 904.8 830.4 755.8 681.4 I 606.8 


Ww^t 

Section 

Lb. 

par Ft. 
































H12 


TABLE VII (Continued) 

Safe Loads on Bethlehem Columns 
13' H-Section 

Safe loads are given in ThouBanda of Pouni 


Dimenoion, iDobm 


Section I Scotion 
Number Lb -pv 
r>or Foot LJ 


125 5 i, UJ 


132 5! 13 








































TABLE VI! (Ccmtinued) 

Formula P-16,000-70>J- 

’—unit 8tre88 in pounds per square inches 
' —radius of gyration in inches 
- length in inches 

of heavy line values of do not exceixl 120 



2 

■ 

22 

106.8 

l» 

186.2 

218.0 

206 2 

239 0 

226 2 

260 6 

246 8 

282.0 

267 0 


ill 111 


326.8 
347 6 
369 0 
391.2 


■tsllAIJ 


.28 

32 

154.0 

132.6 

171 0 

147 6 

1S7 8 

162 2 

205.2 

'' 

177 (» 

222 4 

192 6 

240 4 

208.6 

2.58 0 

224 2 

375 6 

239 8 

293 4 

2.55 6 

311.4 

271 6 

S30.6 

288:8 

349.2 

1 

305.2 

367.8 

321M 

386.6 

3^6 

406.8 

356.8 


Wei^it 

Seotuui 

Lb. 

|»r toot 
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TABLE VIII (Con 

Formula 16,000 

tresa tn pounda per aqi 
> ('f lOTation in inclten 
m inches 

as values gf ~ do not « 
r 

I 

line values of ~ do not 
r 


«J 

18 ' 

19 ' 

Ea 

21 


163 

■iiaii 

■gfli 

“T: 

1 ” 

261 

267 

1^1 

m 


283 

279 

274 



3ft>4 

3(M) 

21)6' 

21 


JW(i 

321 

316 








“TsS" 

mm 


“I^ 



331 


3'. 


•6!iH 

352 


94 


.if9 

37lf 

Ksa 

SC 


4«T 

"<J04' 

388 



422 

416 

4()9 

4l 

“ 

444 

437 

4':io 

41i 

: 






2l6 

msi 

mu 


"Tf6 

*408 

402 

31 

- 

mm 

42d" 

mm 

41 


458 

450 

443J 

41! 


479 

471 

464 

*45 


501 

403 

486 

47 


622 

"814 

606 




636 

520 

m^ 


665 

-6^ 


53 






m 

wm' 

■^1 

1^1 

"53 


493 

mm 

477 



614 

506 

4^7 

48 


636 

WM 

618 

51 



64^ 


59 


mm 

wm 

869 

66 


BOO 


■^1 

67 

■1 

■HOI 


622 

6i 


wm\ 

mmi 

wm\ 

66 
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itory lengths 
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lits each sto 

r-^l _ e designed f 

tory, where! 
I Tim is desig 
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ii 4T1 

-TTT-n 
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taten are not 
I by direct Itearibg of 
^ that the ends be mill 
»]umTiS|.and that tlie 
the top of the lower 
F change in size or sh 
led between the etihim 
a eohinin spUce in w 
on the lower section 
\ VI and the angles o. 
iifference in width of t! 
^d on the web of tin 
on *»fter the column^ a 
a colnnin splice in w' 
\t directly on the lowe 

1 

» 

j 
I 
I 



Doi/atf 


|Fig 147. Typoa uf Lacing for 
\ “ 

there an* required the 
Section angles o. 
t given for the thicknes 
aistent with the colunf 
Speciiicationa for rii 
iqmns. Hefer to the 
als and the maximum 
^lative cost, to note i 
s^les of columns as 

e columns wr^houl^<M 
r columns with covei 

..r. - 

imns With cover plat 
ts without cqv^ plat 
s with cover i^sttes. 

ler*s Specificntlotis* 
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pfCtvti V^. IX% 






218 


ing lattice bars, p. .*165. Fi^.^ 
to. At the ends of laq^ cob 
Xilates should have a length no 
I'ie plates must also used 
and when the lacing must bp on 
Conmrtions. C'onnectiona 
and illustrated under the disc 
methods there given will enable 
connections requirt*d. 

Brackets. Brackets projec 
the face of columns are used7o 
If the bracket is constructed'J!iri!j 
flanges, it may be designed as a‘ 

j 



Fig 14R S 


be made up of a tie and a sti 
this case the stresses are detel 
ics". To illustrate, use the 
diagram, Fig. 148-b. For ad 
bracket, the stress in the tie is| 
^rut is 25,200 pounds. The 
the methods given for tension 
iihportant to keep in mind 
eccentric loads on the columi 
accordingly. 

Bases. As the allowable | 
of the column is very,j|i(tt<h 





lltTCTtOK 2tW 

Lvad the load over the required 
IfordiN^f base used, the bottoui 
I. find the top of the base must 
e is used, it will be true enough ,, 
require milling to give a true 
c riveted to the bottom of the ( 

i 

g the column to the base, 
assistance in erection. • 



Ktom of r'olumn 


|tly to elevation and alignment 
es it easy to get the column^ 
are first supported on wedges' 


r 

i of column base is a fiat plate«.f 
iron. Having the load on tha^ 
«ure on the masonry, t^e atm" 
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of the ^Ate iu 
compu^ft in ' 
Tlie thicl 
limits the size 
up to 12 ipch< 
tity is large an 
are designed : 
except that tl 
j)er square in< 
steel slabs whc 
Cafd-iron 
thickness wou 
use cast-iron ] 
the center is f 



Fik 150 

seems to gi^ 
directly, hen 
other con»dji 
its resisting i 
lUuatrat 
600,000 poiKi 
sqiyBire ipch» 
♦ 

1.1 

43 ^ 


of the 







STEEL 



The size of the top is i 
and its connection attgiesF In t 
The height must be assume 


600000 * 



FJs Ifi'J for* Cocnputiitg Strength 

^'WKf-Iroti Pf>cleHtalH 


its resisting moment R M it is 
axis and then compute its momei 
The center of gravity is fo' 
1 he area of tiie cross section is 
for a area = 

ft)r h area= 2 

* for d area= 2 

Takihg mocnents about tlie bott 
f for a momenta 

for h moment s= 

for d mcjment 


The distance' from the bottom o 

; '“WS 

The^moment of inertia about th 


htrb 


for d ^ 







,'t ^''' 






i^oQ is 


v^^4i’wt.P )^X340f. 

5* " '. *'“g' '■*'‘" ^^J,»^4€(||000 in.^lOt • 

',''']^;lintf&iiae6t 3f, resulting from the pressure on the 


jbottowi is d^Sbermined by treating the plate as an 

^vetted 152. 


Then. . ip.-Ib. 

it assmnes the^ column load applied 
at Jk|)oliit atlPP^eiinter of the top of the olate, whel^as it occupies 
cdnsnerahle ares^: v 

%s the bending nfoment computed for the load is 2,700^000 
indb^tfe^Unds and. resisting moment is 1,940,000 inch-pounds, the 
trial septloB is'n^t ’sufficient.. The section can be increased in 

the height or by increasing the thickne||S of 
metid. lihe mc^ ^Kl^ive places for additional metal are in the 
top jmd' bottom plates. • ^ 

tao^MUf ‘ *; 

tucream the height of the cast-i^ron §ea«HtAl to I'-a', retaining all other 
CooifWte the renating^BooDie]^. 


f I • 

ribs to be used can be as 
51. Therefore, 12 ribs are 

B The thickness of the rib 

)out iV the dear height be 
Iso there must be emnigh 
i top plate to take the whole 
In this case tho.|[^ar height - 
ribs. This thickness gives 

»tals^itmay be made round 
[. Tlie lound pedestal has 
s e^>eiC 9 ally ^11 suited fc^» 

L a round base is approxi* 
b^ 0.10 oi llie diameter of 
(g^^eatal is cpmpttted by 


L^' 





- I r-| ■ 1- -- 

I'lfi lo3 fin'd GnIIaso Ocmigned fur Baae of » Column of a IO>Stoo' Biukhng 

with cement, concrete, or grout. The webs of the beams must be 
investigated for shearing strength and, if at all deheieht, 
fitting separators must l>e used. Separators should be used in any 
case to hold the beams in position. 

^ ' The flanges of I-beams are not always exactly at ri|^t angles 
to the webs, hence the beams may not furnish a fiat surface lor 
Seating the columns:, This makes it neeessaiy to {dane eimu^ 
the top of lieams to provide a true surface for the bottom cl the 
column td rest upon. In order to be effective, this must be done 
after the beams are assembled and rigidly bdd tc^ether. 


m 
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TTie load from the column must be properly distributed to the 
lieams forming the grillage, using a steel or cast-iron plate of proper 
thickness. It may be necessary in some cases to use a cast-iron 
gedestal on the steel grillage. Fig. 153 shows a ste^l grillage designed 
for the base of a column of a Ifl-story building. 

CAST-IRON COLUMNS 

Cast-iron column.^ formerly were usetl extensively for building 
work, even for firepnwf buildings ten or more stories in height. 
Now they are used only for small buildings of non-fin*proof con— 
stnution. Tlie change hj[||||gx>ine nlM>ut tbrougli grc'ater ^‘mand for 
safety and the reduction in cost of steel columns. 

Characteristics. Advaniagcji. Tlie advantages of cast-iron col¬ 
umns are: They offer greater resistance to fire than unprotected 
steel columns. They generally can be more quickly obtained. 
They can be made of any desired shape and ornainentcil to suit 
the requirements of architectural design. Thej' occupy a minimum 
of space in the building. ’ 

Disadmntagrs. Cast-iron columns have the following disad¬ 
vantages: For supporting a given load a cast-iron (‘olnmn costs more 
than a steel column. Thc\ are subject to defects that are difficult 
to discover by usual methods of insix'ction. 

Cast-iron columns are made to order. As the brackets and 
flanges must l>e cast on the column shaft at the time it is made, it 
is not possible to have the column shafts in stock. 

Cast iron is subjec't to considerable variation in quality, depend¬ 
ing upon the materials used in the melt and the treatment in the 
fjurbace and in the molds. It ma> he soft and tough, or hard and 
brittle. It is made in small foundries,, as cr)mpan*(l with the rolling 
mi% wluch make structural .steel. Hence it is not possible to 
cwJtrol the quality closely, as can be done with steel. 

Blow holes in castings are spaces which the iron does nut fill, 
duetto bubbles of air or gas becoming entrapped in the mold. Sand 
podbets sftay be formed by the dropping of sand from the molds. 
^ both of these eases tbe'surface of the casting may be perfcK!t, and 
the defects thus difficult or impossible to find. 

U ;>7be moat frequent fault with round columns is ecjcentdN^A^, 
y^tx>dia|ilaeeiijMof theoc^ Thecoreinay^sagm the 
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to its weight, or it may float in the liquid iron. The result is shown 
in Fig. 154. It may occur at any place in the length of the column. 

O At the ends the fault is easily detected, but at 

intermediate points it is necessary to 4^11 test 
holes as indicated in the figure. The test hol^ 
should l>e drilled in the top or in the bottom of 
the casting in reference to its position in the 
mold. An eccentricity of J inch causes appre¬ 
ciable loss of strength. A greater amount than 
Couriun*"” ^^‘**‘* *>hould cause rejection. 

Column Section^ Unless there is some rea- 
soi i for using a special shape, cast-iron col umns are made round. The 
size is designated by the external diameter and the thickness of metal. 
The sizes commonly made for strnctural purposes vary from 6 inches 
to 15 iiK-hes in diameter and from f inch to 2| inches in thickness. 

Si)ecial sections sometimes used are shown in Fig. 1.55. The 
angles, U-shapes, and s(i«arc sections are used chiefly for store front 
work. They are generally made with the exposed surfaces paneled 
or otherwise ornamented. 

« 

H-shaix?d columns may be u.sed for general purposes. They are 
not as eeonomical as rounil eolumns, herue are not much used. In 
some respects they are better than round columns as connectiona 





Fir 156 Typical CMt-lmn Cufumn Sections 


mm 






are easily made and all surfaces are open to inspection, making ft 
easier to find defects. ^ 

« Method Design. The method of designing cast-iron-oolumns 
is similar to that used in designing steel columns. The direct load 
and the concentric equivalent of eccentric loads, R any, «re com¬ 
puted in the same manner. The idlowable unit stress is computed 
-from a formula similar to that for steel odumus. Tbe formula 
given under Unit Stresses, p.- 51, is 

‘ , p-io,ooo-aot 
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Eecenirie Loading. Tlie concentric equivalent fta eccentiic 
loads Is computed by the same formula as used for sted columns, 
viz: 

r 

For round cast-iron columns an approximate formula is 

Tjv 5M 
• ' d 

in which M is the eccentric moment in inch-pounds and d is the 
diameter of the column in inches. 

Fig, 156 shows two dlfecs of eccentric loading of a round column. 
For the load m, the eccentricity is the distance from the center of 
the column to the center of the W'eb of the beam. For the load n, 



FUt IM. Du«rmiiui Bbowinc Eec«atrie Loading on a Round Column 

the eccentricity Sn is the distance from the center of the column to the 
center of bearing on the bracket, this center of bearing being taken at 
2 ihch^ from the face of the column, when standard brackets are used.' 

On page 177, it was pointed out that when two eccentric loads 
ac^about the axis 7-/ aud respectively, their results must be 
added together. This b true also of rectangular and round cast- 
iron oolumns. But for round columns the maximum effect of two 
such loads b somewhat less than the sum of their separate effects. 
The lesdthuit vtfbs with the relative amounts of the eccentric 
pKAUent^ but the difference b not great and the sum of the separate 
effects emi be used without mudh error. 

jPadm Required, If the concentric equivalent load b used, 
^ fiifdy properties ai the section required aSe: area Ai radius of 
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gyration r; and distance to extreme filler c. The values of tliese prop¬ 
erties can he corniiuted for the rectangular sectiuiis l^' the methods 
given, h’or round (•(►Inmiis the area is computed fn>m the formula 

• 4 

the radius of gyration is computed from the formula 

r = } Vrf =+(/7 

the distance c i*. ] d. In tlte^e formulas tt is 3 1410; d is outside 
dijirneter of (silumn; and r/, is inside diameter of column. The 
inshle tliameter e(|Uiils the outside <hameter less twice the thickness 
of metal. Thus a column S inches in diameter and H inches thick¬ 
ness of metiil has an inside diameter of o iiu’hes 

lUmtraiiTP Kxinijdr Assume a column with tlie f(»llowing 
dimensions and loads, and determine the* thickness of metal requiml: 
laMigth of eoluimi 110" 

Concentric load from column Hl)o\e 100,000^ 

Eccentric load 40,(K)0^ —cecciitncit\ 7" 

Outside diameter of column (assumed) 10" 

Then the cceentrie moment is 40,(MK)x7 = 2.S0,0(K) in.-lh , which by 
the rule on p. 17."). is reduced to IX2<S(),(XK) = ‘J10,<KX) in.-lh. 

The concentric (‘(|ui\alent is 

IIV _‘>d/_5X2IO,(MK) 
d '“lO 

Tlie total loud for which the column must l)e designed is 
laiail from upjxT column 160,0(K)jjt 
Eccentric load 40,000 

Conctmtric equivalent load 10r),(KK) 

305,0()0# 

It is now iiecessaiy to assume a trial thiekness of metal and eom^te 
the strength. Assume 2 inches. 

A = -\-?~X(100-30) =50.20 sep in. 

4 4 

P =10,000- 60- = 10,000-00X^*7160# per sq. in. 

* T A.y 

Total capacaty^flOOxSO 26 = 356,800# 





TABLE IX . 

SAFE LOADS FOR ROUND CAST-IRON COLUMNS 
Thousand Pound Units 

f *=10.000-«0 

r 

Valtifea to riifht nf lioavv lin<> aro hovoud linut of lotiKth, 70 r 



1^41 ^4} 414. 


M siWi s^<ri *l n» for ooeontrioifijr'iB aocofdamwi with the following Wmtda: ti ^ 

l‘ trfwcWBiliriiaty, 
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This amount is greater than required, so the thickness jnay be ledaoedL 
It can be shown that the thickness r^uired is If inches. 

Problem 

Prom the data given above, determine the thicknese required for a oolomii* 
12 inches in diameter. Note that eccentricity is 8 inches for thin diameter 

Tables. Tlie published tables of strength of cast-iron columns 
vary greatly, due to the variety of formulas used. Columns other 
than round are used so little and when used are so likely to be of 
special dimensions that tables of strength would be of little value. 
Table IX gives the strength of round columns in accordance with 
the formula adopte<l. It also gives the value of r for use in comput¬ 
ing the concentric equivalent for eccentric loads. The Chicago 
Building Ordinance from which this formula is taken limits tie 


I 



157 Splice of Cunt- Fig. 158. Spliooa of Caat-Iron Columnii by Dowel PlstM 
I ron C-ulumu by Flangee 


length of cast-iron columns to 70 Xr. This limit is marked by the 
heavy sigsag line in the table. 

Ill^Mrative Ejrampte, Determine the column required to sup¬ 
port a load of 191,000 pounds, the length being 11 feet. 

Frpm TaUe IX either of the following sizes may be used: . v 


8'diam. Xlf' metal 
9*^diam. XIf'metal 
lO' diam. XI 'metal 
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Tbe loads aod lengths a stack of cast-iron oohuans are giv«i beloiw. 
Detenniiiethe seeti<»8. 

4th story, column loadi 20,000# length 13 ft. 

3rd. 70,000# length 12 ft. 

* 3nd ** " •' 115,000# length 14 ft. 

let ** " " 155,000# length 16 ft. 

Basement " *' 205,000# length 6 ft. 



/*// r0 atop* f 

AU Mtba an tufa rp ta 4 rtritk 

Tha akaafa eo/maefiatra hava aapaeltlaa aarraapaakhp tm 
tkaaa af atandordi eonnacfipn angtad 

The dtatanea fram tap af ealuftmta beam aaat maat 
be auffteleat u aUata a elaaranea aff bat w atn tap afhaam 
and undaratda af flanga ar batt head 
Ptatd/tad MtlU ttary to fit paaltfait afhalaa wtuft 
baama ara adapted ta mvltipla paneh, Ofhamtiaa tba 
dtatanaa A lyiflba for ^ . 

td" Maatna df, lytaama ^/T STMaatha m. B’Soama 3* 
ZQ” « s'i ie“ H At bt « 4". 

IB’ n 4‘ r' 0 3f 

Haiaa ahautd ba£ /ar 0 ar fhad oorraOpandhtg rtaat 
halaa In baam. g. 
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Details of Construction. Splices. Splices in cast-iron column? 
arc ina<lo by incaii.s of flanges as sJiown in Fig. 157. The load is 
trunsiiuttcHl from upper to lower column by bt'ttring. The bearing 
surfaces imist be iniiied exactly at right angles to the axis of^ the 
column. H the sections do not match, the metal must Ikj thickened 
as shown at m and n to pro\ iile the bearing. Some manufacturers 
st*t tlic flanges back from the ends of the (johimri to reduc'e the area 



of the iiiilled surface. The flangt' is made \\ide enough to take a 
row’ of ^-iiuh l>olts. Four or more bolts are used. 

The splicH* <'au l>e made by means of a ilowel plate. It is not so 
satisfactory as the flange spl ice. It is used when there is no space avaU- 
able for the flanges, and also for replacing broken flanges. Fig. 158. 

Beam Cminrctwns. Beam connections are made by means of 
brackets and lugs cast on the column. The standard connections 
designed and by tlie .^jerican Bridge Compai^ are given in 
Fig. 159. ^ The entire loatl is supported by tiie bracket. The |||^t 
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of the l>raeket slopes st» that the beam will not bear on the end 
of the bracket when it defleet>. The lug serves to tie the coiistnic- 

tion together ami to hold the la^ani 
upright. Bolts must be used for all 
eonneetions to ejist iron, as the easting 
wduhl Ik? broken by <lriving rivets. 
When double la*ains are used, tlie 
<‘onne(*tioii is modified as shown in Fig. 
nil). This figure also slums brackets 
f<ir Mi[>porting wood beams. Fig. 101* 



Kig lill Top of ( < 1,1- 

uiiin tor Supporting l-lti-uniM 



shows the fletail of the lop of a «‘ast-ir«ui eoluuin winch supports 
tvvo steel lH-iim>'. 

Bmen. ('ast-iroii base plates or cast iron pf‘<^tals are usetl 
for east-iron columns, 'rhey an* designeil in the nianiuT described 
for the hnsfs of steel columns. If 1Ik‘ jdale is used, a raised cross 
is east on the top to fit itjside the ceflunm uiul hold it in place, Fig. 
Ifi2. If tlie pcslestal is used, the top of it is mmle to match the 
flange cast on the column. 


TENSION MEMBERS 

Definitioii and Theory. In building construction, it <!oes not 
often eweur that Iraids must be supi)*>rtcfl by tension members. 
(Occasional special features, such as baleonieH or stair landings, 
reqture this form of support. The most fr<‘quent use of it oc<‘ur« 
in trusses (whU'h are not covered in this v?c>rk). 

Axial Tnutim. A memlier is subjected to awal tension when 
! toad is a^llpiied in line arith the axis c»f the ineinlier in a way that 
. to ertretek ca* pull the mcmilier apart, Fig. IfiX 
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Tlie strength of steel in axial tension varies directly in jnvportkni 
to the net cross-section area, not being affected by the length (except 
as to the weight of the member) or by the shape of the secticm. 
Under Unit Stresses, the allowable value of P for axial tension is, 
given as 16,000 pounds per square inch; then the strength 
of a section is 

ir»Pri = 16,000^ 

The area used in this formula must be the net area, i. e., 
the smallest area at any section in the length of the 
member. 

In axial tension the stress is assumed to be distrib¬ 
uted over the entire area, as indicated in Fig. 163. This 
differs from the tension due to bending, which is not 
uniformly distributed but increases from nothing at the 
neutral axis to a maximum at the extreme fiber, as ex¬ 
plained on p. 7S. 

Teyiaion Due to Eccentricity. As in the case of com- 
Fig 103 Di«- pression members, the load on a tension member may be 
fiiBTTfMion eccentric, and thus produce both axial tension and ten¬ 
sion due to bending. The discussion of concentric and 
eccentric loads in compression applies to tension members. Mg. 164 
illustrates tlie stresses from an eccentric load in tension 
which corresponds to Fig. 140 in compression; abed 
represents the total axial tension and a b the axial ten¬ 
sion per square inch due to the load W'\ bb' represents 
the tension on the extreme fiber due to the bending 
moment We. Tl<en the total extreme fiber stress due 
to the load IF' is a b\ The concentric equivalent of 
an eccentric load, as for compression, is expressed by 
the formula 


J 


111111111 


We 




-' 4 ' 




N the member is not symmetrical, the value of c to be ^ ixLrMB 

*-^ Ss S —r.ww rvn ^ StlMMMt RWn 


iMdi 

In TmuIm 


used is from the neutral axis to the extreme fiber on tl^ 
side toward the eccentric load. 

Ecoraitririty in tension ppoabm usually resuha from the fcarm 
of the pon^ection, end in most cases it can be avoMed by 
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attention to the details* It generally will be more ecsonomical thus 
to avoid the eeoentricity ^an to provide the additioniU section 
neoeasaiy to resist it. In altogether too many cases this is neglected* 
.The importance of the effect of eccentricity is illustrated by the 
following eomputations. 

Assume a load of 100,000 pounds concentric, then the net area 
100 000 

required is or 0.25 square inch. Now assume the same load 

lo,0u0 

with an eccentricity of 1 inch, a value of c equal to 2| inches and r 
equal to 1.9 inches. The concentric equivalent is 

117/ 100,000X1X2J 

” *■-1.9X1 9 


The total lorn! is 10(),(KK)+70,0(X) or 170,(XX) poiituls, and the area 

required is or 10.0 square inches. In this case it requires 

10,(XX) 



an increase of 70 per cent in the sectioni to provide for the eccentricity 
165>a shows a single angle connected by one leg. It is 
eccentric about both axes. Fig. 165-b shows a pair of angles each 
oohnected by one leg. This is eccentric about the axis /-/. Fig. 
165-c diows two view's of the same pair of angles m, with a pair of 
oonnecrion angles n added, which eliminates the ec'centricity. 

Seettons. Almost any form of steel can be use<^l as a tension 
member. The choice of the section is governed largely by the 
cmmectioDS fhat are to be made*to it. Of the structural shapes, 
anises, plates, Mid diannels are best adapted for tension members 
In otdinaiy buikiing woric. 

.KoiiimI rods are used for tie-rods, balcony hangers, fenqiorary 
, a^d edier similar purposes. 
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area of ctoss section. Tbe number of rivet holes to be deducted in 
any case depends upon their arrangement as explained on p. 69. 
Hie siase of the hole deducted is | inch greater than tlie nominal 
diameter of the rivet. This allowauce is an arbitrary one to cover 
the actual size of the hole, which is about ^ inch larger than the 
rivet, and to compensate for injury to the metul around the hole 
due to punching. Care must be taken to arrange the rivet holes 
so as to retain the greatest jxissible area at the critical section. 

Round rods can be figured full size if the ends arc upset, other¬ 
wise the net area must be taken at the root of the thrt'ad. When 
upset ends are used, they are made large enough so that tliere is an 
excess of strength in the threads, making the whole section of the 
rtal available. Generally the threads on ro<ls are cut, but they can 
l>c made by cold rolling. The latter method makes the diameter at 
the root of the thread somewhat less than the diameter of the liody 
of the rod, but the treatment seems to make the steel stronger. 
Tests show that the rolled thread is stronger than the nul on which 
it is rolled, thus making the whole s<*<‘tion of the rod available. 

Eyebar heads are alwaxs made of sufficient size to develop the 
strength of the bar, so that the v hole section is available. 

Details of Connections. liivrfed Commiinm. Riveted con¬ 
nections are required when structural sha|x's or plates are used. 
Angles, plates, and channels arc most ci»n»inonly used. The top 
connection usually is made with a guss<*t plate depcmling from a 
beam or girder. Fig. 106 illustrates a number of such connections. 
The gusset plate may be spliced into the web of a plate girder; set 
in between two channels; may be an 'fextensioii of the gusset at the 
joint of a truss; or may be connected by angles riveted to the fiange 
of an I-beam. (See p. 64). The requirements for the top connec¬ 
tion are that the gusset plate shall be of sufficient thickness to give 
the required bearing for the rivets; and that the rivets connecting 
the plate to the beam or girder, also those connecting the hanger 
to the gusset, be sufficient in number and Iw placed symmetrically 
about the axis of the tensile stress. 

It has been noted that angles in tension must be connected by 
bdfch legs to avoid eccentricity. This sort of connection is desirable 
fcKT the further purpose of distributing the stress over the entire 
aeg^km of the Ijanger as evenly as possible. Ai^;les in pairs are 
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much preferred to single angles. They should be stitched togeth^ 
with rivets and ring fillers spaced about 2 feet apart. 



Fl*. Ifl7. Turnburklv and Blaeve Nut 


The connections at the bottom of the hanger may be made 
with gusset plates in the same manner as at the top, or the connect¬ 
ing members may be attached direct to the hanger. 








I eLrva loop 

I' tOH T\'p« of Frul Connevtiona for Roda 

When it is necessary to splice a tension member, it b evident 
that the spli<r must transmit the entire stress in the member. The 

principles involved andanethods 
to be used are fully explained 
under Strength of Riveted Joints, 
p. 67, and have been used in 
designing the splices in {date 
girders. ^ 

3 Details €ff Rode. Rodi are 

specially suited for adiustohle 
members. With certain fonits ^ 
fsc-ies. x>«t«ib(dSiidQ»iiaMtioad*4M^ omiiectimis, tlm iu||ustiBn^ cpn 
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be made at the ends; with splice, the adjiistnient can be made at 
the 8[dice. A rod is spliced by means of a turnbuckle, or deeve nut, 
Fig. 167. Tlie ends are threaded right and left to make tlie memlier 
ad^table. The threaded ends are upset to maintain the full 
etrength of the section. The various forms of end connections are 
shown in Fig. 168. They need no explanation. 

Details cf Eyehars. Eyehars must lie connected at the ends 
with pins, Fig. 169. Refer to “Structural Drafting” for details of 
eyebars. 


WIND BRACING 
GENERAL CONDITIONS 

HcH'izontal Pressures. In the pn'ceding diseusKion, the loads 
considered have been gravity loads, i. e., loads acting vertically. 
In addition to these gravity loads, all structures are subjected to 
wind loads, or pressures, which are assuinefl to act horizontally. 
Probably no locality is entirely free from wind storms, so it is always 
necessary to provule for wind pressures in designing the frames »*rk 
of buildings. 

It is assumed that wind pressure acts horizontally and bears 
uniformly over the entire windward surface of the building, and that 
it may occur in any direction. These assuinpti(ms arc not strictly 
correct. The "wind may be inclined, due to the contour of the 
ground or to obstructions. It is known that the pressure near the 
top of a building is greater than near the ground; that the pressure 
is not uniform over large areas; that the rush of air around the 
comers produces greater pressure near the corners; and that there 
tSA suction on the leew^ard side as well as a pressure on the windward 
side. ‘ The wind may strike the buikling at any angle, but the maxi* 
mum effect is produced when it strike squarely against the side 
(or end) of the building. While the above variations are known to 
be true^ it is impoasime to provide for them in detail, hence the 
assumptkm stated above is followed and leads to satkfactoiy 
residts. • 

Umf Pressure, Many experiments have beim made to estab- 
luh the relation between wind velocity and i^bl^pressure. While 
4 huge AiBCNmt oi data baa bem devek)p^:^m mathematical 
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ri'latiuiKs are not fully established. Furthermore, it is not certain 
what maximum velocity should be provided for. Hence it is the 
general practice to use an assumed pressure in pounds per square 
foot of the surface. The amount assumed varies. In some cities 
the building ordinances sjaiclfy the amount to be used; some specify* 
20 pounds per .square foot; others, 30 pounds. The writer recom¬ 
mends that the framework of nil buildings be designed to resist a 
wind pressure of 20 pounds p<>r square foot on the .surface of the 
building. It can reasonably be assumed that the partitions and 
w*nlls will add enough to the strength so that the completed struc¬ 
ture will resist a pressure of 30 |X)unds jx'r square hwt. Walls 
should not be counted as resistirjg any part of the 20 pounds, unless 
practically solicl, i. c , without <>jMMiings. The alK)\’e recommenda- 
tion.s should be followe<l with .some discretion: increasing the amount 
carried by the framework in Aery high building.s, and in buildings 
which have fc*w jmrtitions or a a cry large pt'rcentage of openings in 
the walls; decreasing the amount in low l>uildings, and in buildings 
which ha\e masonry cross wnlK. In buildings having outside 
Ix'aring w'alls of masonry and a reust>nable amount of cross W'alls, 
or partitions, th(‘s(‘ parts may be relied upon to resist the entire 
wind pressure, provided the height of the building is not more than 
twice its width. 

Th(* maximum wind pressure occurs only at long intervals. 
It i.s, therefore, allowable ti» use higher unit stresses for wind stresses 
than for gravity stresstvs, UndiT Unit Stre.sscs it is provided that 
for .stre.sst‘s produced by wind forces alone, or combined with those 
from li\ e and (h‘a<l loads, the units may be increasetl fifty per cent 
over those gi\en for live h)a<l an<l dead load .stresses; but the section 
.shall not be less than rexjuirt'd, if wind forces be neglcctad. Gen¬ 
erally, the inemliers required to support the gravity loads are utilized 
for the^wind loads. In such cases no additional area is required on 
account of the wind stress unless this stress exceeds fifty per Cent 
of the gravity load stress. 

Ptdis of Stress. TransmUsum of Ijmd to Foundation. The 
tptal wind pressure on tha building in the direction under considera¬ 
tion is the assumed imit pressure per square foot multii^ied by the 
IMTojectcd area'exposed to the pressure. This {uessure joiust ulti¬ 
mately be resisted by tlfif'foundations of the buildhig. Heno^ 
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there must be paths for transmitting the pressure to the founda¬ 
tions from tlie area to which it is applied. The pressure is applied 
directly to the masonry' walls and windows. These are strong 
plough as ordinarily built to carry the load to the floors. The floor 
construction, whether of tile arches, concrete, or even wood con¬ 
struction, acting as a horizontal girder, transmits the load to the 
points selected for applying it to the stet'l framework. Thence the 
steel framework carries the load to the foundation. 

Routing the Stress. The de- , 
signer has some choice as to the 
steel members which he will utilize 
for carrying the wind load. So 
far as the 8^*61 is concerned tlie ^ 
shortest path is the best, but other 
considerations may require the 
use of less direct courses, most 



commonly through the spandrel 
beams around the outside of the 
building. Thus in Fig. 170 is 
shown a plan of the columns of a 
building, w'ith the typical floor 
framing. Tl»e heB\ ier lines repre¬ 
sent girders and the lighter lines, 
joists. 

Considering first the wind 
from either the East or the West, 
the direction of the load is par¬ 
allel to the narrow way of the 
budding and in the same diree- 
tioii as the floor girders. This ^ 
situation indicates that the w’ind 
load should be carried down 



£m, Sf, 

Franiiog Plan of Buildtng for Study 
of limciUK Syatom 


idemg each E.-W. row of columns, viz, 1-4,5-8,9-12, etc. Then each 
Une of columns and its girders will have to support the wind pressure 
on one panel of the face of the building from top to bottom. It is 
(urobable that these columns and girders as designed for the gravity 
stie^es vriD carry the wind stresses. (This of course is governed 
hy tlie hdlgiit df the building.) Now if it were decided to carry the 
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entire loarl to the two ends and carry it through the columns and 
girders 1-4 and 25-28, the intensity of the stresses would be three 
times as great and probably would require extra metal in these 
memliers. Therefore, so far as economy of steel b concerned, 
the wind load should be carried down each row of columns. 
But it may happen that, in order to do this, deep brackets are 
rcquircHl in the lower stories for connecting girders to columns, 
brackets of greater size than is permitted by the architectural 
requirements; then it becomes necessary to carry the load to the 
ends, where the spandrel beams and their connections can be 
made as large as need be. A combination of the two arrangements 
may be made, the load above a certaiiv floor being carried down 
on each row of columns, and that l)elow being carried down the 
end n)W's. 

Next a)nsidering the wind from the North or the South, its 
direction is parallel to the joists. It is probable that these joists 
are not strong enough to take the wind stresses without adding 
metal to that required for the gravity stresses. The wind pressure 
can easily l>e carried to the two sides of the building along the lines 
1-25 and 4-28, where the nec'essary strength in the spandrel girders 
can readily be obtained. 

The foregoing ilUistration is comparatively simple; most cases 
are not so easy to settle. In general terms, the designer should take 
all possible advantage of interior framing, carr>'ing through the 
spandrels only that portion of the wind load which cannot be taken 
by tlie interior framing. 

The bracing strength of the interior framing is limited by the 
strength of the connections to the columns and not by the strengtii 
of the girder and joist sections. The maximum bending moments 
occur^t the% connections, and to develop the full strength of ^ 
beams would require larger brackets than the architectural treats 
meat would permit. So generally it will be that a large proportion 
of the wind load must go through the spandrd beams where the 
limitations as to depth of beams and size of brackets are not an 
restricted.. 

It .is son^ttmes possible to use diagonal members for bradng*^ 
lley mdse the most direelNuid ^cient form df bracing, and dbonldi 
be t|se(|,when the conditions permit. 
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A horiaontal load can be transmitted vertically by means of 
framework by two systems: (1) by triangular framework, Fig. 171, 



FiC 171. Oikgrmni uf Triangular Kraming 


P'lg 172 Diagram of Kim langular PVaming 


having axial stresses; and (2) by rectangular framework, Fig. 172, 
having bending sti^eSses. 

Triangular Framework, ^imglc Pandn, Fig. 17.S shows a 
single panel of triangular framing supporting the hori/oiital fonx* W. 
The reactions at the foundations are R, F', and F. 


»v 


nftV 


R- W 

T' LV 
» aa F ! 

By inspection it is to be seen 
that the stress in a equals W; in 
0 equals V, The stresses in 6 
and^ 0 can be determined from 
that in a by resolution of forces 
(See Concurrent Forces in 

es indicated in the figure. 'Fhesc stresses are all axial; 
a and e in compression; h in tension. 

IVfaen the values of JEf, L, and W are known, the numerical 
valueefora, h, e, and V can be determined. 

Two or More Haritonial Panels. Two or more adjacent panel# 
can be used, as shown in Fi|. 174. It is first necessary to divide 
tb# kid beiween tiie two ponds. It is umpkst to divkle the load 
^Mpeetive of ediether the panels axe equal in length. 
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Oil this basis the stress in a equals W, and in d equals ^W. By 


resolution, the stresses in b and c, 
V^ equals the stress in c, F, 
equals the stress in /, and l\ is 
the difference in stresses c and /. 
If in this case I«, equals then 
the stress in b equals stress in e; 
the stress in c equals tlie stress 
in /; V^ equals F,; and F, 
equals 0. 


and in e and / can be determine. 


IV a « 




liK I~I* l>tuKrain (if'1 HI) lluniiontul I’iwcIk 
of TniuiKulur )< ratuins 


Prouurm 

A'saurrM* four {miucIh similar fo those 
shown in Fig. 174. Let // equal Ui feet,; 
Li, Lj, L„ aiul L, equal 20 feet, and H' 
equal 36,(XX) pounds. Compute the stresses 
in the diagonals. 

Two or More Vertical PafU’k. 
Two or more panels may l>e plait'd 
one above the other as in Fig. 175. 
In this case Rj = rF^-f ]F,+ IF,. 
The value of I^|= F, is determined 
by taking moments about 0 from 
which 

■ L ^ X— 

L • 

The stresses in the members a to 
k inclusive can be determined by 
the methods given in "Statics”, 
when*the values of fl',, B',, Wp 
and L are known ami 
of and are computed. 
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Pboblau 

In 1%. 175 atiauiiio 19\ iNquab 10,000 )Xiuudt); Ifa oquala 10,000 poumlx; 
Wg cquab 12,000 pounds; //, cquids IB f<M*i; equals 13 feet.; //, equals 13feel; 
L equals 10 feet. Det<atume the stresses in a to Ir inclusive. 

. Extension of Triangular Frameicork. Similarly, tlie triangular 
framework can be extended indefinitely in l>oth directions, as in 
iMg. 170. For convenience in solving this case the figure can be 
separated into horizontal tiers, or stt>ries, and each computed. In 
doing this, the anti-reactions of one tier must lie applied as loads 



/ V \~ i, 7 / 

n«. 170. Diacram nf TrMOKular Frutnins Extt'ndiog » Huildlim 
* 

in the next lower tier. The horizontal load to l>e resisttxl at any 
tier is the sum of all the horizontal loads above that tier; 
thus the horizontal load or shear at the top of the first story is 
W'a+r.d-JF.+HV , 

PaoBuni 

Awnroe ktads and dimensioiiB f<Mr Fig. 176 and eompute the Btrewtes in 
the diagomd Bwndwm. 


8S7 
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In Figs. 173 to .176 inclusive the diagonals are shown m one 
direction only. As the wind may come from either direction, both 


tv 




Fi«. 178. DiAi(rim of RootMigalor 


Friuno Witl 


Acnun or ] 
'ith Kagid 


JoiDta 


diagonals will be used in all caso.s. In certain panels, circumstan¬ 
ces may prevent the use of any diagonal bracing. Fig. 176, in 



Fig. 179. Diagnuoa of lloetoiigwlor ^ruso Showing Poiata of Co&tmSMmiv 

^^ich oas6 the stresses must be distributed among the otha pmieis. 

RactaoKUlar Fnuneworic. Sinffle Pemd. A siii|^ panel el 
rectangular framing is iSuis^t^ tn F^. 177. The lour oqinefs 
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are represented as being hinged, so when the load if' is applied |he 
frame wiH ooUapse, as indicated by the dotted lines. It has no 
strength to resist the horizontal force. 

* Next consider the rectangular frame as s^own in Fig. 178. 
The corners are rigidly connected. When the load W is applied^ 
the frame tends to take the shape indicated by the dotted lines. In 
doing so, each of the members must bend into reverse curves. Thus 
the frame offers great resistance to the horizontal forc'e. 

When a member is Ixsnt into reverse curves, the point of reversal 
m called the ^'point of contraflexure”. There is no bending stress 
in the member at this point and hinged joints might be intnaluced 
at sudi points without affecting the stability of the frame so far as 
the horizontal load is concerned. This is indif'ated in Fig. 179. 
The point of contraflexure is taken at the middle of the length of 
each member. This is not exactly correct, but is accurate enough 
for designing, in all ordinary cases. 

In order to more easily understand the stresses in the fntme, 
consider the points of contraflexure e, f, and g as hinged joints. 
They divide the frame into four parts which can be considered 
separately in determining the stres.scs. Take first e aft and assume 
the horizontal reactions at e and / to be equal, hence each is |fF. 
The vertical reactions at e and / must form a couple which will 
balance the moment of the horizontal loads, hence, taking moments 
about e. 


from which 


r iw'j- 


The bending moment at a in the vertical memlajr, is \Wx\H 
or and in the horizontal meml>er is VxhL which equals 

W^y.iLm\WU. 

Nezit ccmrider the part wliich is subjected to the loads 
and V at^plied at e. The reactions at c are the same in amount but 
Of^oaite tu diiection. To maintain equilibrium, ^ere must be a 
'odiipie to naitmlize the moment of the horizontal force at e dbout 
liie opotear oovqde is funuahed by the foundatkyh whidi b 
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assumed to l)e ample to resist the bending moment in the post at c. 


which is 



Flic M»iih lit UiUKriiiii Ilf SihkIu l(i 

luiiitulnr I'liiii I 


In like manner the bending 
moments at b and d can be 
shown to be J lU //. Note that 
the numerical value of the bend¬ 
ing moment is the same at the 
four corners of. the frame. The 
moment diagram is given in P'ig. 
ISO. 

In addition to the beiuling 
'.tn'sscs in the members, there 
are axial stressc*s, as indicatwi 
by the forcvs and reactions illus¬ 
trated : 


in a h 
in b d 

in a c 


i (I, compression 

I. // 

L 


1- » ir . . <-ompression 


r = 3 ir , tension 
Jj 


PhuHLiKM 

llcffr to Fia 179. A.ssuint' U' ixiuiiiIk, // rqaals III ftvl, 

L cquulH 20 foct ConipuU* tlu* jimhI Nf n'siW‘H iri I he three inernlHTH of the frame. 
l^Jinpule the hendina rnoiiirnt at n Construct the moineut liiagram. 



Tito florisontal Next consider a framework of two 

panels, e,, made of three cohimns and two girders, as in Fig. 181, 






STEEL CONSTRUCTION 


24d 


«»ubjec'ted to a load H'. It is necessary to assume the division of 
the horiaontal reactions between the foundations J, and 3. Sev¬ 
eral different methods are used in pnu'ticc. It is not of much 
importance 'which is used, if tlic stresses resulting from tlic assumed 
divisions are adequately provided for. In this text it is assumed 
that the reactions at the end columns are onc-half of those at the 
intermediate columns. Thus the reactions at f, 2, and 3 are \ W, 
I W, and i W, respectively. By reasoning similar to that u-sed for 
the single panel, the maximum bemdiug moments are found to lie: 


at the base and top of columns 1 and 3, 
at the base and top of column 2, 
and in theginlcrsto the right of a and h\ 
and to the left of h and c, / 


4 irxi 

iH'xi //»irr// 

Jj 


In analyzing this cast*, the frame may lie considered as made up of 
two separate panels, each of which carries one-lialf the load IV. 



Fi«. IS2 Moiurnt Diiiftriiai for r,f Two llortaiiltiiiiir PanclH 


Then the l>ending moment at all maximum (Miiiits is JW' 11. But 
column 8 is common to both, hence its total stresses are the algebraic 
sums of the stresses from the tw'o panels. As the liending 8tres.scs 
are of the same sign, the bending btreases in column 2 are twice 
those in columns 1 and 3; on the other hand the axial stresses in 
column S are opposite in sign and tend to neutralize each other. 
The imiltant is zero if JL, equals L,. The moment diagram of this 
case is given in Fig. 182. 

HoriamUid Rmo of PetneU. The foregoing method now can be 
Apfdied to a frame of any number of panels. Tbe‘total horizontal 
load or shear ia(^divided by the number of panels. Give one jiortiim 
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to each of the intermediate columns and one>half portion to eadi 
of the outside columns. Thus in Fig. 183 there are five panda. 







ft 


iJL 

Jiv 

iw 

tSL 



I I 3 * S * 

Fik 1M3 Diaicram Showing Divution of Shear in » af Five Panels 


The shear is distributed thus: cfdumns t and ff, and | W at 

columns ^,.'^,4,and J. The bending moments in columns 1 and 6 are: 
ir/f; in columns 3, 4t and 5, ~~W JI; and in all girders,^ WH, 





PROBLKM 

Assume a frame of 7 panels, supportina a wind load of 115,000 pouada. 
Let ff equal 14 feet. Compute the maximum bending moments amd itev fiba 
mmneht diagram. 

Two-Siory Frammfibrk. Next assume the case illustnited itt 
Fig. 184.' This shows the framework of a two-aU^y buSdiiig. T3 m» 
points' of Godtraflexure oc^ at the points indicated hy the ^adt 
dots. The loads apfdied^aie at the roof and at the geeood * 




STEEt CONSTRUCTION 


The frame serves as a foundation for the second- 

stpry frame. Tl^ horizonts^ shears which are transmitted through 

the points of contraflexure in the ssecond-story columns are ~ W 

lujd ^ W'a as iiwlicateti; those transmittecl through the, points of 
o 

1 1 

oontraSexfue in the first-story columns are -- and - 

u o 

(JVs+W^ as shown. ^Fhe vertical shears transmitted through 
points of contraflexure in the roof girders are = “ and 

those transmitted through the second-floor ginlers are 

*“(> " L 

(assuming panels of equal length). Then the bending moments are 


at a in roof girders 




at b in 2nd floor girder —- - [M'«//,+(ir«4-ira) H^] 

i M 

at c in columns +■" ir«/f, 

J w 


at d in columns 


at e in columns 


at / in columns 


+^(H’«+h-,) //, 

+Y (»'*+«',) //, 


An important relation to be noted is that at any joint the sum of 
the moments in Uie nlimbers equals zero, or the sum of the moments 
in the column equals the sum of the moment in the girders. Hius 
at column 1, 2nd floor 

lw,a,+^(WM+w;) H.—Fsff.+cir.+w'j h,]~o 

at column 2nd floor 

ir»H,+ i(ir.+r^ b^-2x^[w,h,h^*+w^ njmo 


908 
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Extension of System in Either Direction. Tha method can bow 
he applied to a frame of any extent* vertically And homontdSly. 
Fig. 185 shows such a frame sixjpanels in width, and six i^tot^and 
basement in height. Tlje loads applied at the apvcl^. floor levels 
are represented by .... Wr. The total shears in the 

several stories are represented by Wr', JV/f . W/. 



The total shear in any story is the sum of all the loads applied at the 
floors aliove, thus, ' « 

nv=n'.+n'.+r.+»'.+V« 

The total shear in any story is divkfed between the edhimns in that 
story m accoKlance with the rule given. This is illustrated the 
figure by the values givdii'^'lh the first^story. , 
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The bending moment^ are illustrated at the third floor in the 
figuffe and the nwineiits diagi^ins at the fifth floor. 

^*rhe procc^ur^ can now be redtioed to simple rules and formulas. 
• The J>en3ing moment in, an hiiermediate column in any story 
equals the total shear in that story multiplied by the story height, and 
the product divided by iuMt times the number of q}anels. This is 
expressed by the formula V » 


M 


W*H 

2n 


The bending motnfini in an outside column is one-half that in an 
intermediate column, or, 

' "if 

4n 

The bending moment in a girder is the mean betireen the bending 
fnometCts in tke^cr^nn abooe and below the girder. It is expressed by 
the formula 

ij- 1/W o'//« , H1 ,,,, ,,, ^ 

“2^ ■ 2« 2n J - 4» 

Noipe. a and b refer to <wo adjacent liiioneij, uh the thinl and fourth. Tfie 
panel length does not affect the value of the b<*nditiK riioineiit 

Illustrative Example. C onipute the Iwiiding moments at the 
first floor in the frame hl'Fig. 185. Aiibuuie tliat the loads applied 
above th^.first-story sum a total of (iO,OOU «M)unds equal W/, those 
above tlie basement story a total of 75,(KK) pounds equal W'*', 
Let //b equal 10 feet, and //, equal 10 feet. Then the bending 
moment is: 

in an intermediate basement column * 

2X0 

im^he iutermediate first-story columns 

tMj.OCX) X10 _ 88,000 ft.-lb. 


2X0 


in first-floor girders 


6215.500-1-88,000 


2 


- = 75,250 ft.-lb. 


Axial Stresses. The asual stresses may*be disregarded in most 
cases. ' Tl^y a^ usually small in proportion to the sections btherwise 
^kqttiie^ meUnbefS. Tlie girders may be considered mh being 
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relieved froni this stress by fhe floor construction. Tf tliere |ie no flom 
(x>nstruetion along the girders, the axiaJ stress should be considered. 
In the intermediate columns the axial stress is aero if the panel 


— 

— 

— lipi 

—^ 
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Fig. 18 ^ Diagram (inOvnrturnuig Stnunoii in a Bulkhnc FnUne 


tengd^ are •m. Ill the outside columns the axial stress oocem, 
but here the bending moment is only one-half that in the intermedi¬ 
ate oolumus, so the axial stress is usually not important; 
in tan,,nam}if buildings it may be important and should be 
puted. When required, ii«an be computed thus: In F%. 186 
aiTo^jepresent 1^ wind pressure on tlm fiaouswocli^'sh^^ 
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resultaDt uf this pressure is acting k€ mkMieigbt <4 the exposed 
part of the structure. The axial stress V in the basement section 
of the end column is found by taking moments about the point B. 
The stress in the first-story section is found by taking moments 
about the jmint 1. 

Phoblkmh 

1. Assign value's to the Btruetun> illustrated iii Fig 186 and oumpuiu the 
axial stress m the socond-story scidions of the end columns. 

2 In Fir 1S.j assume the fullowmR valut's; 

Hg 

//, 

— //,-i‘2'-f.* 

IF, = S.OOO/A 

ifj, =i4,r»()0j^ 

' w,,n\,w,„w„^i2,m)(f 

H'r =jo,o(K)yj^ 

(a) Compute IF^', U','. -IF/ 

(b) (\impuio the maxiniuin Ix'ndiiiR inoiin'iit for an interior culunin 
above and below each floor line. 

(cl Compute the maximum beiidinR nioinent iii the girders at each flour 

(<l) What is the beiiding moment in the seeoiid-floor girder at a point 
I’-9’' to the right of eoUiinn 

(e) Construct the moment diagram! for eoliiniri r from basement flixir to 

roof. 

DESIGN OF WIND-BRACING GIRDERS 

1 he preceding pages the method h;is been developed for 
determining the l)ending moments in ^iiid-brat'ing girders and 
columns. It has been shown that the maximum bending moment 
occujs at the intersection of the cohftnn ami the girder, and zero 
moment occurs at the center of tlte girdtT. Between the.se points 
the moment varies uniforml.v, as shown by the moment diagrams in 
Figs. 180, 182, and 185. By laying out the moment diagram to 
scale, the bending moment at any point may lie measured. 

End Connections for Riveted Girders. Heretofore in designing 
beams, end connections have been reqoirt'd to resist only vertical 
shear, but in the case of wind-bracing girders it is |!^ent that the 
cc^nection of the girders to the column Is chiefly to resist the bending 
moment. This connection requires careful de.signitig to insure 
^fle^ive results. .. 

To ilhtsirat;e the design, assume an exmnple as follows: In 
.l^;*lS7;tlie distance center to crater of columns is 20 feet; the max- 


^m. 
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imum bending mbment is 400,000 foot-pounds ot 4,800,000 indhr 
pounds; the depth of girder is 3 feet | inch back to back of angles. 
As stated on page 51, the unit stresses to be used are fifty per cent 
in excess of those allowed for gravity loads. 

, The girder connects to the web of the column.- As the end of 
the girder thus lacks only about an inch of reaching to the column 
center, the maximum bending moment must be provided for, viz, 
4,800,000 inch-pounds. 

Rivets Connecting Girder to Column. The rivets through the 
end angles and column webs are field driven, f inch diameter, and 
on the tension side of the girder (above the neutral axis in this case) 
are in tension. As in a beam, the unit fiber stress varies from zero 
at the neutral axis to a maximum at the extreme fiber; so the unit 
stress in these ri\ ets varies from zero at the neutral axis to the max¬ 
imum alloivable amount at the farthest rivet. 

Then, if the rivets are equally spared, the average stress is 
one-half the maximum. The total resistance of the rivets is the 
average value of one rivet multiplied by the number of rivets in the 
tension (or compression) group rt-presentefl by t (and c); the centers 
of gravity of the groups are at the points t and c. The moment arm 
is the distance a between t and c, and the resisting moment is aXt 
(or c).* The number of rivets required is determined by trial. The 
full value of a |-inch rivet, field driven, in tension is one and one- 
half times GOOt) pounds or 9000 pounds, -cral trials lead to the 
use of 28 riv'ets on each side of the neutr^ axis. The value of t is 


9000 X 28 
2 


or 126,(XK) pounds. 


The moment arm a is 42 inches and 


the resisting moment of the joint is 1^6,000 X42 or 6,292,000 inch- 
pounds, which is almut ten per cent in excess of the bending moment. 


Pboblem 

Dcedgn the above joint, using f-inch rivets spaced 2| inches. 

Riwts Connecting End Angles to Gusset Plate. Now consider the 
rivets connecting the end angles to the gusset plate. The method 
b the same as that for the connections of tlie end angles to the 
column, except that the rivets are shop driven in double shear. 


*TUs is not ex»at, for the nvets on the roRipreasioD Sido do not sot, the comprttssion faeinK 
tnsistsii by the direct of tbs end of the gitder against the oolumm. The wror is on tbs 
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The required results can easily be obtained by comparison with 
field-driven rivets. With one row of rivets there will be one-half 
as many (less one). One shop rivet in double shear is good for 
21,G(>0 XK)unds. This is greater than the value of two rivets in ten¬ 
sion (18,(KK) pounds), hence the proposed arrangement is satis¬ 
factory. It gives greater strength than is required. 

The thickness of gusset plate required to develop the full 
shearing value of the rivets is inch. The thickness required for the 
actual stress is inch, which use, (See rivet tables in handbook.) 
PROOT.F M 

What tlucknoHs of giWMt't plate* is roquiml for "J-inch shop nvHs? 

Bending Sires.Hcs in C<mneei\ng Angles. No accurate determi¬ 
nation can be made of bending stresses in connecting angles, so 
thickness must be adopted arbitrarily. If the gage line of the 
rivets is not more than 2^ inclu'S from the back of the angle, the 
tbicktJcss should be ^ inch. In many cases wule angles with large 
gage distance must be used in order to match the gage lines in the 
column. A thickness of 1 inch seems to be safe for a gage distance 
of 4 inches. Intermediate values may l)e interpolated. 

Gusset Plate. The slope t)f the gusset plate should be about 
45 degrees, but may vary to suit conditions, such as clearance 
from windows, etc. Stresses in the gusset plate may be imagined to 
act along the dotted lines shown in the figure. On the tension side 
of the girder the plate iS in tension, and on the compression side in 
compression. The thickness of plate rc'quired for rivet bearing is 
sufficient to give the necessary strength on the tension side, but on 
the compression side stiffener angles may be required. These 
angles can be designed aewrding to rules similar to those given for 
the stiffeners of plate girder webs, p, 148. They should be used 
w'hen the length of the diagonal edge of the plate is more than 
thirty times the thickness. The leg of the angle against the plate 
should be of suitable width for one row of rivets, say 3 inches, 3| 
inches, or 4 inches. The outstanding leg may vary from 3 to 6 
inches, A thickness of | inch ia suitable usually; it may be made 
more or less to be consistent with size and thickness of the main 
members of girder. For “die case illustrated use 2Ls 3i*'X3y X|'. 

Girder Sed^km. The critical section of the main girder is at 
the end of the j^stiet plate^J^l^ause th^ are no gravity loads). The 
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puHset plate being ‘i'-O" wide, the bending moment at this point, as 
detennined from the moincut diagram, is 300,000 fcwt-pounds, or 
3,600,000 inch-pounds, Pig. 187. 

It is usually economical to make the girder as deep as condi¬ 
tions will permit. In most cast's it is limited by the windows above 
and l)elow. For thb case S'-O^*' back to back of angles is assumed. 

The section is determined by the methods given for riveted 
girders, p. 141, using the increased unit stresses previously men¬ 
tioned. Note that the web is spliced at the point under consid¬ 
eration. 

The spat'ing of rivets that coniu*ct the flange angles to the web 
plate is detennined as in riveted girders, p. 140. As the bending 
moment varies uniformly from the c*enter to the end, the rivets are 
t'qiially .spaced. This spacing may be continued for connecting 
the flange angles to the gusset plate. But there must be enough 
rivets through the gusset plate to transmit all of the stress which 
is in the flange angles at the edge of the 
gusset. Connecting angles may l>e needed 
to assist in connecting the flange angles 
to the gusset plate. 

Pbobueus 

1. Design the girder seetion, flange nvet- 
ing, and web splice, Fig. 187. 

2. Make drawing at 1-inch scale sliowing 
side elevation, end elevation, and seijlion of the 
giriler. (Usethedesignwith J-mch rivets.) Hhow 
nvei spacing. 

Other Forms of End Connections. Fig. 188 shows a girder con¬ 
nection differing from the previous case in that the column is turned 
in the other direction. The connection is designed in just the same 
manner but the amount of the bending moment is somewhat less 
than the maximum because it is .some distance away from the center 
of the column. The actual amount can be computed or scaled from 
the moment diagram. 

Probuoi 

What u the bending moment at the end of the (prd^ shown in Fig. 188, 
the mcNcnent at the emter of the column being 400,000 foot-pounds and the 
distanee, center to center etdumns, 10 feet? 

In Fig. 189 the web of the girder connects directly to the flange 
of the coliimn. This form of connection is suitable for girders which 


ivss emoes 
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are deep in prt>portion to the Iwnding moment which they must 
resist. The method of designing the coniie<‘tiou is the same as that 
explained for Fig. 1S7, extrpt that the ri\ ets are in single shear in¬ 
stead of tension, and that the rivets are not evenly spaced, hence 
the average resistance may not be one-half the maximum. The 
value of each rivet can be measured from the diagram at m in the 




Fi* 1S9 Dotoili) of ConiMfCtion of Oirdor Directly to the Face of the Cotumn 

figure. Having the values of the several rivets, the center of gravity 
of each group, i. e., the positions of the resultants t and c, can be 
found in the usual way. 

Prohusm 

Compute the masting momtuit of the connection shown in Fig- 189. Use 
|*iuch nvets, and assign suitable spacing for them. Design the girder aeotion 
corresponding to this resisting moment. 

When the form of _ connection shown in Fig. 189 is not ade¬ 
quate, the gusset -plate can be used connecting directly to the flange 
of the column. It involves no princiides or methods different from 
those already explained. 
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Bud Connectioiis for I«Beadi Girders. I-beam connections for 
resisting bending are illustrated in Figs. 190^ 191, and 192. 



Mg. 190 Conni'ction of I-Boam ti» Flange Fig 191. Coiiiiwlum of t-lleiiin to Bwlo of 
of Column Fur Wind Bracing Culuion for Wind Bracing 



Sfg. 192. Bnoket CoRAeation of for 

Wide Bracing 


The detail in Fig. 190 is 
hiniilar to the connection shown 
in Fig. 189. It can develop 
only a small part of the rni>a- 
city of the lK*am. 

The detail in Fig. 191 also 
can develop only a part of the 
capacity of the bf^am, but it is 
availuMe for making us(*of the 
floor girders in the upjx*r part 
of the building for resisting 
.wind stresses. The strength 
of this connection is limiteil 
by the bending resistance of 
the connecting angles or the 
strength of the rivets. 

Pkoblbm 

Compute the bendinK resisti- 
ance of the connection shown in 
Fig. 191. 

Bracket Comuctitm. The 
connection in Fig. 192 can be 
made to develop the entire net 
bending resistance of the beam 
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(deducting for rivet holes in the flanges). The connection of the 
brackets to the column is designed in the same manner as described 
for the gusset plate connection. The average value of the rivets is 
determined from the diagram as at m,rig. 189. In the connection c\f 
the brackets to the beam, all the rivets are figured at the maximum 
value. Their resisting moment is their total shear value multiplied 
by the depth of the beam. 

PaOBt.BM 

li bracket connection that will develop the net. bt'tidirig resist,anew 
of a 24' I HQ^. 

COMBINED WIND AND GRAVITY STRESSES IN GIRDERS 


The girders which arc usually used to resist wind stresses are 
also subjected to gravity stresses in supporting walls and fitwirs. 
It is necessary, therefore, to determine the combined effect liefore 
the member can be designed. 

Moment Diagram for a Restrained Beam. In the discussion of 
Ixsams, it was considered that the ends rested freely on the supports. 


With these conditions the beam 
under a gravity load tends to 
deflect in the form of a simple 
curve and its moment diagram 
lies entire^' below^ the axis o-o. 
Fig. 193-a. If the beam is re¬ 
strained by rigid connections at 
the ends, as illustrated in Fig. 
192, it tends to deflect in the 
form of a compound curve and 
^ the moment diagram, Fig.l93-b, 
lies both above and below the 
axis. The part of the diagram 
above the axis represents nega¬ 
tive moment and the part below, 
positive moment. The total depth of the moment diagram \&\W L 
(for a uniformly distributed load) in each case. 

Fuftitivc and Negatite Moments. Tlie division of the moment 
diagram of a restrained beam between positive and negativ'e moments 
depends on a number of conditions. The conditions usually aissmned 
as idijleal are that the beam is of constant cross seetton horn end to 
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end and that the end connections are absolutely ri^d. 'jj^en the 

1 ' 

bending moment at the ends is —W L, and at the itiiddle is 



r L. 


If the section of the beam at mid-span is levss than at the ends* 
as is the case when the connections are made by deep gusset plates 
or brackets, the positive moment is less and the negative moment 
greater than the above values. The extreme case would be when a 
beam hod no bending resistance at the center (as if hinged), in W'hich 
case the two halves would act as cantilevers; there would be no 
positive moment and the negative moment would equal | lU L 
{W being the total loa<l on the span). 

The assumed ideal condition of absolute rigidity at the ends 
is not realized because the columns must deflect laterally under 
load. This lack of absolute rigidity tends to decrease the negative 
moment and to increase the positive moment. The same effect is 
produced if the connection is not sufficient to develop the strehgth 
of the b«am section, as in the examples shown in Figs. 19() and 191. 
In the extreme case when the columns or the connections are ex¬ 
tremely weak in bending resistance, the negati\'e moment approaches 
zero and the positive moment approaches J IF L. , 

It is not practicable to determine def.tiitely the amount of 
negative and positive moments for a given case, so arbitrary values 
must be adopted. The designer generally should assume that the 


moments from the gravity loads are— ~ WL at the ends and 

.1 M 

u 

WL at mid-span, and should design the end connections and 


the beam section accordingly. But a less value may be used at 
the ends and a corresponding greater value at the center if it is 
not possible to make end connections strong enough to resist the 
lax;ger vajue. 

Moinents fcM* Combined Loads. Now consider the 
bending moments resulting from the combined action of gravity 
ami wind loads. In Fig. 194, let a be the moment diagram fcir a 
vind load>nd h the moment diagram for a gravity load. Then the 
total effect is r(j|n'i«imited by e* which is the moment diagram for 
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the combined loads. This moment diagram c is constructed by 
adding together the moments used in constructing the diagrams a 
and b. 

* End Connections Designed to Resist Wind Loads. Diagram c, 
Rg. 194 shows a very large resultant negative liending moment at 
the left end of the diagram, and a very small resultant positive 
bending moment at the right end. If the respective end connec*- 
tions be designed to resist these moments, i. e., the left end with a 
very heavy connection and the right end with a very light connection 
(in this case practically a hinged joint), then the distribution of 
stresses probably would be as represented in diagram c. But, since 
the wind may act from either direction, the two end connections 
are made alike; the columns at the two ends are probably of about 
e(}ual size and stiffness; then it is reasonable to assume that the 
deflections, and hence the resistance developed at the two ends, will 
be equal. 

For this condition it is evident that diagram c dot's not repre¬ 
sent the actual distribution of moments. To have a diagram which 
will represent it, the curve must be shifted so that the negative 
moment at the left end ecjuals the po.sitive moment at the right end. 
This gives diagram d. The same diagram results directly by com¬ 
bining diagram a of Fig. 193 with diagram 'i of Fig. 194. It will be 
noted that the ben<ling moments at the ends t'qunl the bending 
moments from the wind loads. Hence, the end connections in all 
cases are designed to resist the wind load moments. 

Maximum Bending Moment. The bending moment at the 
center of the span equals the bending moment of the gravity load 
computed for an unrestrained beam. However, the maximum posi¬ 
tive bending is not at the center, but some distance to one side (to 
the right in this case) and its amount can be determined by con¬ 
structing the diagram d. The value thus determined governs the cross 
section qf the girder. 

As hits been stated, the unit stresses allowed for the combined 
loads are 50 per cent larger than those for the gra\aty load alone. The 
resulting section designed for the maximum positive bending moment 
from diagram d will always be larger than the section required by 
the negative moment of gravity load from diagram b and more than 
t^|ric6 the section required by the maximum positive bending moment 
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from diagram b, diagram b being the moment diagram for the gravity 
loads on a restraine<l beam, "wlien the wind is not acting. Note, 
however, that the section required is less than w'ould be required 
for the gravity load on a simple (unrestrained) beam, diagram a, 
Fig. 193. 

I’ttOULKMH 

1 In I''in 15)4 jiNSUine valui>s givt*n f»)r iliagraiiKs a ami h. D«‘tt'ntiine the 
inaxiniiim ihjbiIivo and iK-gtitive vahws for diiigruui t/ ('onstruct duigram d 
to wide 

2. Design a girder of Ihe l>pe hIiovui in Fig 1H7 from Hie moment dia¬ 
gram d in Fig l‘M 

EFFECI OF WIND STRESSES ON COLl'MNS 

Combined Direct and Bending Stresses. The bending moment 
on the (olunin due to wind loads priMluces the same sort of stresses 
as result from the bending moment ilue to eccentric 
loads or any oilier cause producing flexure. The ex¬ 
treme fiber stress is eomputed from the formula 

Mr 

/ 

This stress is added to the stresses resultitig from the 
<lire(*t and eeeentrie loads on tlie column to give the 
maximum fiber stress. 

The combination of the dirt^c’t and the liending 
stress is illustrat<‘d in Fig. 195. The stress from the 
dir(‘ct load is represented by the rectangle abed and 
the unit stress by a b. The stress from bending is rep¬ 
resented by the triangles b h'o and c c'o, the extreme 
filler stress being b b' in compression and c c' in tension. Then the 
maxiipum fiber stress is on the compression side and is ab+hb'. 
'^Thus b b' represents the increase in stress due to the wind load. 
If, as is usually tlie case, bb' amounts to less than half ab, the 
colump section required for the direct load need not be increased on 

acootmt of the wind stress, because of the increased imits allowed 

* 

for combined stress. But if 6 b' exceeds one-half of o-fe, the combined 
stress will govern the design usii^ the increased unit stress. 

On tihe tension side ..of the column, the wind stress will vety 
ran^y hi great enough to overcome the direct compression. And 
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if there should be a reversal of stressr there cannot l)e tension enough 
to require any addition to the section. It frequently occurs that 
the wind bracing girder connects to the column in such a position 
\hat one side of the column must resist practically all the wind 
stress. Such a case is illustrated in Fig. 1S9. With these condi¬ 
tions only one-half the column section should l>c used in computing 
the resulting extreme fiber stress. 

Design of Cohimn for Combined Stresses. The procedure in 
designing the column section, when the combined wind and gravity 
loads govern, is the same as has been given for columns with eccen¬ 
tric loads, p. 174. The method there given for computing the con¬ 
centric equivalent load also applies, as well as the formula 

r 

Ah applietl to wind load (refer to Fig. 11X3) WJ is the equivalent 
concentric load.i. e., the direct 
load that woiihl produce the 
same unit stress; IF'is the hor¬ 
izontal shear which is assiiine<l 
to be carried by the column 
under consideration and is as¬ 
sumed to l>e applied at the 
point of contraflexure of the 
column (sec Fig. 185); e is the 
moment ann expressed in 
inches, henee W'e is the Iwmd- 
ing moment in inch-pounds at 
the section under considera¬ 
tion; c is the distance from 
the neutral axis of the column 
to the extreme fil>er on the 
compression side; r is the radius of gyration of the column in 
the dir^ion under consideration. The critical section of the 
column is at the top of the bracket, as the bracket has the effect 
of enlarging the column section, so the distance e is measured to 
tiiat point. , 

^ To iilustrate the use of the formula assnme the following data: 
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Direct or gravity load on column is 600,000 pounds; IF' is 10,000 
pounds; e is 30 inches; c is 7 inches; and r is 3.5 inches. Then 


WJ = - 


10,000 X 30 X7 


3 5X3 5 


171,400# 


As this is less than half the gravity load it is neglected. 

Probmcm 

In Fig, 196 jiTi' giv(‘n thi- dimensions anil the loads on the columns 

in the first and second story of a budding and the girders at the w'coud floor. 

(a) Design the columns and girders. 

(b) Write a complete n-oord of all cfimputations. 

(«) Make a drawing of the joint at J-mch scale. 


380 





fort dsarbowi hotrl, cmcRM 

CmtfMif of Bodu. AnAdtH*, 0*»ea*o 


.STEEL CONSTRUCTION 


PART IV 

^ PRACTICAL DESIGN 

SIXTEEN-STORY FIREPROOF HOTEL 

Having studied/the stresses and the desigji t>f individual steel 
members, attention will now l)e given to the problems which arise in 
the design of the structural framework of a building. 

It is assumed that the student now understands how to com¬ 
pute stresses and how to design individual members of the frame¬ 
work; therefore, <Ietailed computations of tlieae operations in 
most cases are not given. Nor are references given to the prectiding 
parts of the work, except in a few cas(\s, it being left to the student 
to seek these refemict's for himself if he needs them. This applies 
also to the tables and diagrams in this book and in the handbooks. 

Description of Building'*'. The building sclectetl for tlie purpose 
of illustrating the practical problems of design has b(*en taken 
l>ecause it gives an unusually large number of sp<'cial conditions. 
For this reason it cannot be d&nsidercd as a t.v'pical case. Its fram¬ 
ing differs from that most commonly seen in buildings iK'c^use 
steel joists are not used. 

The building is designed to be us<,*d a.s a hotel. It has sixteen 
stories and an attic above street level and a basement below street 
leveL^ It also has a sub-basement over part of the area to provide 
space for a pf»wcr plant, llie basement extends under the sidewalk 
on two sides trf the budding. 

The building occupies the entire lot, except for a light court 
above the third-floor level. Fireproof construction is used through¬ 
out Tie framework consists of s^ructurai steel columns and 
girders. He floor construction consists of reinforexsd concrete 
slahil and joists, with tile fillers between the joists. In most of ^ 

TUm Font ]>Ma>er» Bold. CltieMP, UUnoiat BoUbM and Bedia, ArdMtattt, 

li. 
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building tbe concrete slabs form tbe finished floor. Partitions In 
general are thrce-inch hollow tile, plastered on both sides. They 
are fixed in position (this has some bearing on the arrangement of 
girders). Tbe foundations are cylimlrical concrete piers extending 
to rock. The basement walls are of reinforcefl concrete. The walls* 
above grade are brick with terra cotta trimmings. 

Plates A to X give the complete structural framing plans, and 
a part of the architcc'tural floor plans and elevations, which are 
sufficient for this problem; but additional architectural details 
would be rcquirc<l for making the complete design. 
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FIREPROOFINQ 

Choice of Concrete. Tlu* peneral .subject of fireproofing is dis¬ 
cussed elsewhere in this book. For this building «)ncrete is used for 
fireproofing the steel. It is sele<'ted because it protects the steel from 
corrosion, adds to the strength of the coludins, and can be placed 
easily, in connection A\ith the concrete used in the floor construction. 

Thickness Required. The fireproofing affects the steel design 
thrpngh the weight of the matceial to be supported, and through 
the locations of ste<‘l members in relation to the openings, as allow¬ 
ance must be made for the thickru*ss of fireproofing. The thick¬ 


nesses n*cjuire«l are* 

For exterior <’f)luinns 4" 

For interior columns .T 

On the bottom and sides of beams 2" 
On the outside of spandrels 4" 

Beyond the edge of sh(*lf angles 
and j)lat('s supporting outside 
brickwork 2" 


For the last two items, the brick eo^ering is the fireproofing, but for 
the columns the brick c<»\ering is not counted as fireproofing. 

Effect on Position of Exterior Columns, Etc. The requirements 
for thickness of fireproofing control th«‘ position of exterior columns, 
spandrel bt^ams, and beams around ojienings in floors. For example, 
assuming that the steel columns will be 14 inches sipiare, the smallest 
ilistancc that can be iiserl from face of budding to center of columns 
is made up of 

One <*ourse of brick 4*^ 

(\)ncrete fireproofing 4" 

Onc-balf of column width 7" 

Totid 15' 

'rhis ^'ahie is aclopted for the columns along the alley and court 
walls, hut along the street fronts a greater distance must be had to 
suit the architectural designs, 1 foot 10 inches being used. The 
columns should be placc<l as close to the outside of the building as 
(possible, to keep the eccentricity smiUl and also to make the pro¬ 
jection of the columns into the rooms as small as practicable. 

In general, the spandrel girders are placed as near the outer 
face of the wall as the fireproofing requirements will permit, that is, 

* Ttt Comply witb tbf ChiMtao ButkUnt OrdiauM. 
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r 

with the etige of the flange 2 indies from the face of tlie wall. In 
onler to provhle support farther out, shelf angles or plates arc used, 
projecting no nearer to the face of the wall than 2 inches. The 
outer 2 inches of the flange angles of a ginler may lie eonsidere<i ns 
^shelf angles, if the area of this portion of the angles is not required for 
the girder section; and in such a case the ginler is placed 2 inches 
nearer the fa<*e of the huiKling than othe^^^ise would be done. 

Fireproofing Around ()pening.H. Around op<Mungs, tlie S|>eci- 
fications recpiire 2 inches for fireproofing and usually 1 inch is 
needed for plaster, stair faehi, or other finish. To tliesc must be 
addetl the half width of heam to get tlu‘ distance from finished €‘<lge 
of oiMuiing to center of beam. The a(‘tuul amount requin*d varies for 
dift'erent siw's of beani'.. It is usually (‘fm\enient to use the next 
larger whole number of inches. In nifist ea^es (i iiiebes W'ill suffi<*e 
for the distance from center of beam to finished oixMiing. 

LOADS 

Classification of Loads. The .structural frame of the boiiding 
must support the weight of all materials of eonstriK'titm, callt'd the 
“dead loads”; and the loads of all kinds that may be irnpi>setl on the 
finished stnu'ture, called the “live loads”. Dead loads are, in all 
cases, gra\ity loads, that is, they act ' crticully. Live loaths are 
gravity loads in most coses. (Belt-dri\ ii machinery may cause 
loads ill lateral ilireetions.) In addition to the gravity loa<ls, the 
framework must resist wind pressure. 

A design cannot be inwe accurate than the loads ujK>n which 
it is based. It is, therefore, of first importance that the loads used 
be as at'curate a.s practicable. 

Dead Loads, llic .so-called dear) load.s, that is, fixed or immov¬ 
able loads, consist of the weight of all the materials of construction. 
The quantities must lie estimated from the architectural plans and 
the structural plans as they develop. 

XJnU WeighU. The unit weights of some materials w'ill vary 
acoording to locality and the weights of some will vary liecause of a 
difference in quality. The foUowring values may be used as aver¬ 
ages for ordinaiy conditions. Weights which likely to vary 
with quality, location, or any other cause should be verified or 
corrected by tbe d^ngner. 

» 
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WEIGHTS OF MATERIALS OF CONSTRUCTION 


White pine, spruce, hemlock, i^er ft., board measure 3 lb.- 

Yellow pine, fir, pcT ft., board measure 4 lb. 

Oaks, maple, per ft., board measure 5 lb. 

Brick masonry, pressed or paving, jjer ru. ft. 140 lb. 

Brick masonry, hard common, ]>er cu. ft. 120 lb. 

Brick masonry, hollow per cu. ft. 90 lb. 

Sandstone or limestone rubble, per cu. ft. 140 lb. 

Sandstone or limestone cut facing, jx-r <'U. ft. 150 lb. 

Granite, per cu. ft. 100 lb. 

Stone concrete, per cu, ft. 144 lb. 

C'indcr concrete, per cu. ft. 96 lb. 

(’iiuler fill (wy^hout sand and cement) per cu. ft. 72 lb. 

Mortar and plaster, jht cu. ft. 120 lb. 

Ornamental terra cotta, backed and filled with common 

brick, jMjr cu. ft. 120 lb. 

Marble, per cu. ft. . 175 lb. 

Floors, marble, tutii colori, and similar, per sq. ft. 12 lb. 

Windows (glass, frames, and sash), per s<|. ft. 5 lb* 

Hoofing, composition, per sq. ft. 5 lb. 

Roofing, gravel, p<>r sq. ft. 10 lb. 

Roofing, slate, per sq. ft. 10 lb. 

Roofing, tile, pt^r sq. ft. 10 lb. 

Roofing, shingle, per sq. ft. 3 lb. 

Sheet metal roofing, cornice, etc, p€*r sq. ft. -3 lb. 

Partition tile, 3 in. thick, per sq. ft. 14 Ib, 

Partition tile, 4 in. thick, per sq. ft. ’ 15 lb. 

Partition tile, 6 in. thick, per sq. ft. ' 22 tb. 

Partition tile, 8 in. thick, per sq. ft. 28 lb. 

Partition tile, 10 in. thick, per sq. ft. 32 lb. 

Floor flat arch (average of set) 8 in. thick, per sq. ft. 28 Ib. 

Floor flat arch (average of set) 10 in. thick, per sq. ft. 32 lb. 

Flora* flat arch (average of ^t) 12 in. thick, per sq. ft. 36 lb. 

Floor flat arch (average“of set) 14 in. thick, per sq. ft. ^ 40 lb. 

Floor flat arch (average of set) 16 in. thick, per sq. ft. 46 lb, 

' FIocmt se^ental ardi tile (fwerage per set) 6 in. thick 

a^ crown, per^sq. ft. 28 
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Mortar for tile arch floors, per sq. ft. 3 lb. 

Book tile 2 iu. tJaiok, per sq. ft. . 12 lb. 

Book tile, 3 in. thick, per sq. ft. 14 lb. 

Beam tile (when not included with arch tile), per sq. ft. 12 lb. 
Gypsum partition blocks, 3 in. thick, per sq. ft. 10 lb. 

Gypsum partition blocks, 4 in. thick, pt^r sq. ft. * 12 lb. 

Gypsum partition blocks, 5 in. thick, per sq. ft. 14 lb. 

Gypsum partition bkx'ks, 6 in. thi<*k, per sep ft. 16 lb. 

J*laster on brick, concrete, tile, or gypsum, jkt sq. ft. 5 lb. 

Plaster on lath, pej sq. ft. 7 lb. 

Suspended ceiling complete, per sq. ft. 10 lb. 

Steel bar 1 in. square, 1 ft. long, per lineal ft. 3,4 lb. 

Stt‘el plate 1 ft. square, 1 in. tliiek, per sq. ft. 40.8 lb. 

Cast iron, bar 1 in. square, 1 ft. long, per lineal 3 125 lb. 
Cast iron, per eu. in. .20 lb. 


The following items may vary c'oiisiderably in weight but the 
values given may be used for preliminary comx>utations, ot uhen 
the quantities are small: 


Iron stair construetiou, per sq. ft. 50 lb. 

C'oncrete stair construction, per .sq. ft. 150 lb. 

Wood stair construction, per stj. ft. 20 IK 

Sidewalk lights iu concrete, per sq^ft. 30 lb, 

Keinforement of concrete, per eti. ft. 6 lb. 

Total weight of reinforced concrete, eu. ft. 160 lb. 

Steel joists, p>er sq. ft. of floor * 6 IK 

Steel ginlers, per sq. ft. of floor 4 IK 

Partition, tile pla-stered, per sq. ft. 25 lb. 

Same in hotels, per sq. ft. of floor 35 lb. 

Same in office buildings, per sq. ft. of floor 25 lb. 


Live Loads. Live loads are the temporary or movable loads 
in a building. They include furniture, merchandise, and people. 
The amount of Uve load depends on the purpo.se for which the 
building is used, and for a given purpose may vary greatly from 
time to time and from one part of the building to another. The 
amount to be used is a matter of judgment, unlbss an arbitrary 
is establuhed by law. la most cities the building ordi> 
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nances fix the iDiiiimum live loads for various buildings at'cording to 
their use. The requirements of the Revisetl Building Ordinances of 
the (Mty of Chicago, adopted December 8,1910, are as follows; 


Stores, light inanufaeturing, stables, and garages HX) lb. ' 


Office buildings, hotels, and hospitals 50 lb. 

Dwellings, small stables, and private garages 40 lb. 

Chur(‘hes and halls 1(X) lb 

Theaters ](K) lb. 

Apartment houses * 40 lb. 

Department stort^s 100 lb, 

SehooL ' 75 lb. 

Hoofs 25 lb. 


I'hese loads are to be applied per square foot tt) the actual fl»K»r area 
of the building.* 

In designing the floor slabs atid joists, the full amount of the live 
load is used. For girders, the live load may be reduced 15 pt»r cent. 
F(»r columns, the haul for the top floor is reducer! 15 pcT cent and 
for each succcssi\e floor rlownward the reduction is increased 5 per 
cent till 50 per cent is reached; this final ^ alue is used for the remain¬ 
ing floors. This method of re«lu< ing the loads on columns is allowtsl 
in Chicago. Other similar methods are used in other cities. The 
designer must use his judgment as to the propriety of making the 
reductions. • . 

Special Loads, lii addition to the li\e load, which is assumed 
to be uniformly distributer! over the flot>r, there may be .special 
loads, such as ele^'ators, machinery, w^ater in tanks, coal in bins, 
&pa<*e for stouage of sjH'cial materials, etc. The weight of water is 
()2.5 ptmnds pt'r cubic feet, or 8J pounds per gallon; of bituminous 
coal, 50 pounds per cubic feet; of anthracite coal, 60 pounds per 
cubic f«et. 

The weights (if ele\ ators are usually given by the manufacturer 
for the particular situation. An impact allowance of 100 per cent 
is api^ied to these weights in designing the beams and their connec¬ 
tions to the columns, but only the actual weights need be allowed 
on the columns. 

Loads on the Building Illustrated. In the Fort Dearborn Hotel 
the following live loads are^ilS^: 
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For the roof, per sq. ft. 25 lb. 

For 2nd to 16th floor, per sq. ft. 60 lb. 

For 1st flocjr, per sq. jft. 100 lb. 

For sidewalks, per sq. ft, 150 lb. 

For freight recei\ inf? rcMjiii, jmt scp ft. 150 lb. 
For stairs, per sq. ft. 100 lb. 


The siH'cial loads are the elevator loads as indicated in Figs. 



rRUGHf ELiVArO^ MACHINE. 

Fig lOS. Detail* of Freight Elevator Machine and Suitporta 


107 and 198 and w'ater-taDik loads shown on the plans of the pent¬ 
house, Plate S. 

The dead loads are computed in connection with the varioiK 
fnembers supporting tbem/from the unit values previously given. 
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The wind load is taken at 20 pounds per square foot of the 
exposed area of the building. 

TYPE OF FLOOR CONSTRUCTION 

Two types of floor construction are suitable for this building; 
the flat tile arch betwt'en stwl I-Warn joists. Fig. 199, and a 

CONCffETE 



Fig 199. Section of FUt I'lle Arch Floor 

combination tile and reinforced concrete spanning from girder to 
girder, Fig. 2CK), and Plates J ami K. Other tyjx's might be consid- 
eretl but have been n*jected as not being suitable for the particular 
requirt'inents of this building. It is evident at once that the type 
using joKsts requirt‘s more steel than the other, but in order to make 
a complete comparison of costs it is newssary to make preliminary 
designs of the steel required for typical panels for each type. 


CONCRE TE 


□□ 

□□ 


□□ □□ 
□□fctlnn □□li:;! □□ 


Fig 200 of Rinuforced Ctjocreto nad Tile Flinir ■ 

Tile Arch Floor. Considering first the flat tile arch, the loads 
per square foot of floor on joists are 

Tile arch set in place 14 in. de<tp 43 lb. 

t'oncrete 3§ in. deep 42 lb. 

Steel joists ’'O lb. 

Plaster 5 lb. 

Partitions 35 lb. 

Total dead load 131 lb. 

Live load 59 lb. 

Total load on joists 181 lb. 
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The loads per square loot of floor, as applied to the girder are 


Total dead load of floor as above 

131 IK 

Steel girder 

4 1b. 

Fireproofing on girder 

2 1b. 

Total dead load ^ 

137 lb. 

Live load of 50 lb. 

43 lb. 

Total load oii girders 

180 lb. 


Thereft)re, 180 pounds jier square feet may be used for both joists 
and girders. 

The allowance for partitions is determined by computing the 
total quantity and w'cight on one fli>or and <livi<ling by the numl>er 
of square feet of floor area. 

The depth of the joists is assumed for trial to be 12 inches. 
The joists may be spaced as far apart as 8 feet, but a closer spacing 
is preferred. They may be arranged in the three ways shown in 
Fig. 201. 

The beams lo-JJ and 17-34 support the wall load as w’ellms the 
floor loatl. The amount of the w'all loa<l is calculated as follows: 

dross wall area 11 'Af X10'-4" 212 sq. ft. 

Less wiiulows 2Xt)'-4''x4'4)" f)! sq.ft. 

Net wall area 101 sq. ft. 

Weight of material com losing w all is 

.4 -inch pressed brick w'cighing 140 lb., per cu. ft. 47 lb. 

4-inch common brick weighing 120 lb., per eu. ft. 40 lb. 

4|-inch hollow' brick weighing 90 lb , per cu. ft. .'M lb. 

Total weight per sq. ft. of wall area 121 lb. 

Using even figures, the weight of wall on the .spandrel beam is 

160X120 = 19,200# 

Scheme a. In scheme a, Fig. 201, the sizes of beams required 
to support the loads computed almve arc as marked on the diagram. 
The lengths used in computing' are the actual lengths of the beams, 
£hat is, allowance is made for the wddth of c»lumn. Thus the joist 
between columns 16 and 23 is taken at 18'-2' long, and because it is 
shorter than the other joists it is made lighter. 

Scheme 6. Scheme 6, Fig. 201, is similar to scheme a, the only 
*diflereiioe being in the spacing and, (^nsequently, in the weight of 
, the jcMsU. It l&as the advantage of using joists all alike and ^ualiy 
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spaced. It has the disadvantages of greater weight (slight), greater 
number of pieces to be handled, and of not providing a direct brace 
between columns 16~23. 

Scheme c. Tn scheme c, Fig. 201, the direction the jolst% 
differs from that in the other schemes. It has the disadvantages of 
a greater variety of sizes of joists an^ of throwing a heavy load on 
the spandrel girders which have eccentric connections to the c*olumns. 
Its advantage (which is not apparent from the sketches but is shown 
on the architectural plans of the building) is that the girders do not 
cross the corridor which extends along the middle of the building 
alongside of columns 16-23. 

The weights of the steel it» the thr<*e schemes differ so little that 
this feature would not govcTii. Scheme a seems to be the best one 
because it has the least number of pieces to handle, braces all col¬ 
umns in both directions, and loads the columns with the least eccen¬ 
tricity. 

PROULEMS 

1. KMtimato the w**iKhts of hOvl in the jiaiirls shown in Fir. 201 for whemo* 
a, h, anrl c 

2. Check the huscs of I-lwiims used m whcrtics a, h, and c. 

Combination Tile and Concrete Floor. Now consider the 
type of floor construc'tion show’n in Fig. 200, that is, the combina¬ 
tion tile and concTctc. There being no steel joists, the w’eight per 
square foot as applie^l to the girders is estimated as fcdlows: 


Concrete slab 31 in. 

42 lb. 

(’oncrete joists 4"'X10', 40^X| 

30 lb. 

Tile 10*Xl2';32#Xf 

24 1b. 

IMaster 

5 lb. 

Reinforcing steel 

3 1b. 

Girder steel 

41b. 

Girder fireproofing 

10 lb. 

Partitions 

35 1b. 

Total dead Ic^ 

153 Ib. 

Live load, 85% of 50 lb. 

43 ib. 

Total load 

1961b. 


On the narrow panels fhe tUe fillers are 8 inches deep, the resulting 
saving in weiglit of tOe and concarete and concrete joists being 0 
pounds.' This leaves a^t^fisl woght c^ 187 pounds per square foot* 
oirthlbe narrow ponds. 
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Two schemes for the arrangement of girders are shown in Hg. 
'^2. In both cases the spapdrel beams have the same wall load as 
computed in connection with the tile arch tyjie of floor, vk, 19,200 
pounds. *The wzes of beams required arc marked on the diagrams. 
Note that in scheme a the lighter load ap{flies in the narrow panel, 
whexeas in scheme h the heavier load must be used in both panels. 



Fi*. 202. UuM^rain Showinc Fratniiiir (or Cornbinutioa TiIa anti Poiirretcs Floor 

% 

4 

Tlie members marked *S’ are struts which support only narrow 
strips of floor load but are required to brace the columns in the 
direction in which girders do not occur. For this purpose light 
I-beams or H-sections are commonly used, but in this case reinforced 
concrete i$ used. 

Neither scheme has any definite advantage in weight of steel. 
Scheme a b adopted because the arrangement is better suited to the 
plan of the floor. The girder 10-2$ b alongside the corridor and Is 
covered by the^fiufition. No girder oosses the corridor. The use 
the iainier spandid beams assists in bracing the budding. A 
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definite disadvantage is that the spandrel beams, carrying la^ 

loads, have eccentric connections to the columns 

* ' 

PaUBL.KM 

Chock the razee of beatne givon m Fig: ^2. ^ 

Selection of Floor Type. The selection of the type of floor con¬ 
struction is affected by a number of items in addition to the cost of 
the steel, ■winch cannot be considered in detail here. Some of them 
are: the eff<‘ct of difference in weight on the cost of the columns; 
the effect of the difference in weight on the cost of foundations; the 
relative cost of the floors; the thickness of the floor construction; 
and soundproof ness. In this particular case the (*o3t of the steel 
is thr most important item. 

The coinbiimtion t^pc is used for this building on account of 
its economy, all conditions being considered, Plates J and K. 

FRAMINO SPECIFICATIONS 

Arrangement of Girders. Some attention has aheady been 
given to the arrangement of the girders in the discussion of 
typical floor panels, hut this arrangement really needs to be con¬ 
sidered in its relation to the entire building. Hefer to the archi¬ 
tectural and the framing plans of the t\ pical floors. Plates II and G. 

Kjrierior. It is ne<‘essar\ of Ciiurse to Innc girtlers around the 
entire jK'riineter of the building to support the walls. 

Interior. The next thing to settle is whether the interior 
girders shall b«‘ ])arullel to or perjx*ndicular to the outside lines of 
the building. The former arrangement is used. It is to be noted 
that the girders and their covering project several inches below the 
ceiling line, hence it is imjairtant to place them so that they interfere 
as little as practicable with the interior arrangement. In the plan 
adc^ted the principal lint‘s of girders are along the side of the corri¬ 
dors and thus can be partially or w'holly concealed They cross the 
corridors only at two places. 

The arrangement used gives practically a set of duplicate floor 
piinels along the outride walls of the building and another aJong the 
court walls. The othW plan would be ni^arlyas good in this rcajiec't. 
Howjever, columns ft and B are not opposite the columns in the next 
row so that if girders p|d;pendicular to the outside Knes were used^ 
tbey^w'ould be connected at one end to the columns m&atkmed but 
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would require cross girders to support the other ends. Having main 
lines of girders east and vest, and also north aiul south, is advanta¬ 
geous in bracing the building. 

• Spenal Castes, On the first fltK»r, 1‘late (', girders are retiuired 
l>etween columns /7-/5 on account of tlie length of span. Along 
the east and south sides no wall girders are required because the 
basement walls can l)e used to support the first-story w*alls, hence 
along these two sides tlie girders are placed periwnditailar to the 
side lines. Other interior girders are plae(‘<J so as to give the greatt'st 
jM)ssible uniformity in the floiir constru<‘tion. 

Around openings, such framing is used as may lx* needetl. No 
instruction is necessary for this, as the framing rt*quired can easily 
be determined from the conditions in each case. 

Each building has its special conditions affecting the placing 
of the girders. Elat ceilings, pt'rmitting no projecting beams, may 
compel the placing of girders on tlie short spans and perhaps the 
use of double girders. The use of reinforced concrete floors vith 
rods in two dircction.s reepnres girders on all four sidi's of the panels. 
Pipe shafts in line with tlie columns in one direction may mjuire 
the placing of the girders in the otlier dire<-tion. (\>Iumns in rows 
in one direction, only, limit the ginlers to those lines. i 

Arrangement of Joists. Having estuhlished girder lines, the 
joists, if used, are spaced as uniformly as prai tieabh’. A joist should 
connect to each column in order to brace it, and the intervening 
panels should be divided into a number of ecpial spaces. Their 
spacing is governed in most eases bj^ihe type of floor construction; 
for the style of construction adopted no steel joists are required. 

Beam Elevations. The elevations of beams are given in refer¬ 
ence to the elevations of the floors. The distance from the floor 
lines to the top of the beams is governed by the floor construction. 
The items entering into this dimension are; the thickness of flooring, 
whether of wood, marble, tutti colori, etc.; the mortar bed for 
setting marble and similar floors; the thickness of the wood nailing 
strips for wood floors; the space for electrical and other conduits. 

The minimum thickness of concrete floors over beams should 
be 3 inches to allow space for conduits and to prevent cracks. Other 
floors requhe i^om 3 to 6 inches, depending upon conditions. 

In flat tile arch construction the total thickness is fixed by the 
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depth of the tyi)ical joist. All beams deeper than this will be placed 
flush on top, and all beams shallower flush on the bottom. Thus, 
if the typical joist is 12 inches, the girder, which probably is deeper, 
will be placed flush w’ith the top of the joist and will project below 
the ceiling lino; other joists and framing around openings which' 
may be 8-, 9-, or 10-inch beams will be placed flush with bottom 
to provide bearing for the skewr back of the arch at the proper level. 

For combination tile and concrete, and for concrete floors, ail 
the beams will be placed flush on top exct‘pt such as may require a 
different elevation to suit Some special condition. 

Spandrel Iwams, being embedded in the walls, are not governed 
by the elevation of the floor. In many cases these beams -serve as 
the lintels over the windows and their elevations are fixed accord¬ 
ingly. This is shown in the spandrel sections, Plates L and T. 

For flat roofs, tlie beams may be set on slopes parallel to the 
roof surface, or may be set level, depending on whether the rot)f or 
the ceiling has the greater control. 

Arrangement of Columns. Location. It is desirable that the 
columns be arranged in rows across the building in both direc¬ 
tions, but this may be prevented by the arrangement of the rooms 
in the building. The column spacing is also affected by the design 
of the exterior; the layout determined by the architectural rtxiuire- 
ments governs in most cases. Thus in the problem the position 
of column 18 in fixed by the light court wall; of columns 19 and 26 
by the .space reciuired for elevators and stairs, Plate R; of column 
38 in the low'er part of the building, to suit the arrangepient of rooms 
in the first story, Plate N, it being offset at the fourth floor. Plates Q 
and R, on account of the light court wall. The spacing,of the col¬ 
umns along the west facade conforms to the arcliitectural treatment, 
an odd number of panels being used to allow an entrance at the 
centet. The spacing along the north fa 9 ade is governed chiefly by 
the interior divisions. 

DuUince from Building Line, Tlie distances of the columns 
from the building lines are gov^ned by the fireproofing, as has been 
explained. Tliey arc along the north and west facades, 1^-3' 

along the alley and court, and along the south side. This 
latter Value is used because provision is made for a building on the 
adjoining lot which will supply any addition^ protection needed. 
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DESIGN OF STEEL MEMBERS 

Design of Beams. The spacing of columns, arrangement of 
girders^ mid type of construction being settled, the next step is the 
design of the beams. 

Joists, There are no joists except in a few cases and these can 
better be classed as special beams. Joists when ustni are almost 
invariably simple beams with uniformly distributed loads. There¬ 
fore, having computed the total load per square foot of floor, and 
having fixed the span and spacing, the total load on the beam is the 
pniduct of these three quantities, and from it the size of beam is 
taken from the tables. Or, if the size has been selected, the capac¬ 
ity for the given span can be taken from the tables; and from this 
the floor area which it will sup(M>rt, and then the maximum spacing 
can be determiuetl. The length of span and of load area used is the 
distance, center to center, of girders if the joist frames between 
girders, and the actual length of the joist if it connects to columns. 

Girders. The typical girders were designed in connection with 
the preliminary stutly of the floor construction. The special »ases 
remain to be designed. For example take girders S-9 and i0~11. 

Girder 8~9 tjpical floor, Plate F, span IS'-fi". Loarl area on 
one side only. 

Total loatl u. d. 10'-<rXl9<t# = H0,2(i()# 


This recpiires a 15*' I 

Girder 10-11 typical floor, span Heavier slab north side, 

lighter span .south side. 


Total load u. d. 
This requires an 18" 146^* 


/ i,v-.r X lo'-ff X m\ #= 29 , 8 ik)# 

Uo’-a^X 6'-0"xl87#=*17,110# 

47,000# 


On the first floor all the slabs are built with 10-inch tile and 
{^vision is made for a marble or a tutti colon floor. The live load 
allowoBoe is 100 pounds per square foot. The partition allowance 
can be reduced to 20 pounds per square foot because of the 
burgef rooms. Therefore, the load i>er square foot carried by the 
girder is 

• jQgbt «n|gM CwnMcte bMBi. Hmm apeeial boiiai* aM ttot iSwmtm 
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Marble floor ]01b. 

Mortar 10 Ih. 

Concrete slab 31" « 42 lb. 

Concrete joists 4" X10", 40^ X f 30 lb. 

Tile 10"Xl2^32#Xi 24 1b. 

Plaster 5 lb. 

Reinforcing steel 3 lb. 

(Jinler steel 4 lb. 

(iirder fireproofing 10 lb. 

Partitions 20 Ib. 

Total dead load ].")S lb. 

liive load 85% of UK) lf>. So lb. 

Total loml 213 1b. 


Applying this to girder S~.0, which has a span IS'-O", gives 

Total load 11 . d. l<S'-irxl9'-.Tx243# = S7JSO# 

This requires a 24" I 00^ 

1. Domhii ginlrr })-!(), fltjor, K'olrr 17-1't, first iiml 

l.'i-yH), first floor, F iiml (’ 

2. ('oiiiputo tin* U)t.il losu! per wpijiro fis't of floor m the frei|ailit roon> on 

the first, floor (puni'l Floor, a r<'infor<nl rotarote slab H iijolio** 

thuk S<’o Plalt'H C’ aiul N for construi'tvon of fl« or. No partitions Live 
loiul I.'jO pouixls Design the hetun across the centiT of the fiiinel • 

3. Oompiitc the haul on tiu* roof Kir'lers, and flesijin girders S-H, 
and 10-11 (ScH* PlaU'S (.J and .7 ) 

Spandrel OirderK. "^I'lie spandrel girders in this design curry in 
most eases one-half panel of floor loud and a pamd of wall. The 
spandrel girders of the tNpi<‘al panels of the typical floors were 
designed in the study of the floor t\ pi‘s. 

The spandrel girder 1-S, topical flinir, carries only the wall 
load; this is practicallv uniformly distribiitesl. Tlie wall in this 
panel i.s 17 inches thick; its weight per square foot of surface is 
computed thus: 

4 in. pressed brick, 140 lb., per cu. ft. 47 lb. 

* 8^ in. conimoii brick, 120 lb., ptT cu. ft. 85 Ib. 

4J in. hollow' brick, 90 lb., per cu. ft. 34 lb. 

T^lb. 

The W'ali surface is the panel area leas the window area, viz, 
n'-0"xlK'-4" 201 sq.ft. 

2x3'-6"Xfi'-0" 42 sq. ft. 

Net 159 sq. ft. 
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Therefore the weight on the girder is 

16(>XJ59=2th40()# 

The span is IS'-d', 'iliis recjuires a 15* I 3(i^, More exact compu¬ 
tations would take into aci'ount the position of the windows, weight 
*of concrete an>iind beams, and weight of ginlcr, but vrould'not 
change the result in tliis case. 

The effect of the wind stresses on the spandrt'l girders is con¬ 
sidered later in the text. 

Problems 

1. Dotngn spandivl fi;irder i-S, typical floor. 

2. spandrel ginlcr 10-17, typical floor 

3. Design spandrel girder 18-17, t3r))i(;al floor. 

Special Beamjt, Si)ecial beams are required around eh*vators 
and stairs, and for the support of elevator machinery, chimney, 
penthouses, apd tanks. 

Panel 30-31-38^7. The i>anel 30-31-38-37 contains st;vcral 
special features, viz, a stairway, an elevator .shaft, a chimney and 
vent space, and a pipe shaft. There is only a small si'ction of floor 
in the panel,.adjacent to colunyi 37 on the typical floor. 

In the north half of the panel the 8-inch I-iHjarn.s support only 
partitions. None of them are fully loailed, but this sizt; is considered 
the minimum for this situation. 

The stair load may be taken at 50 pounds imt square fotit for 
the dead load and 100 pound.s per square fmit for the live load. 
It is supported by the 8-inch I-beam near column 37, and the, span¬ 
drel beam 31-38. The latter beam cannot be placed at tlie floor 
level because the windows just above the stair landing interfere, so 
it must be placed near the level of the stair landing. 

Framing around stairwells should be so designed that the weight 
of the stair can be supported from either the sides or the ends. Li some 
cases the entire stair load is carried by the stringers to the beams at 
the ends of the well and in otlier cases hangers and struts tran.smit 
the loads to the side beams. Usually this cannot be determined 
by the structural steel designer unless he designs the stair. 
PaOklLKM 

Dongn the cimit beam near the middle of panel SOSi-88-37, typicid floor. 

Panel 19-30-37’^, TKe special framing in the panel 18-30- 
S7-S6, Fig. 197 and Plate P, provides for elevators and stMt It^ 
presents no ufmsual features. 
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Penthouse. The penthouse, Plates G and S, between colonize 
contains^a number of spedid items. Beams arc re¬ 
quired at the roc^ levd to support the penthouse walls. At the roof 
levd p^r columns B9S6, two IS-inch I-beaiils ate provided for the 
jpurpose of carrying two water tanks arid the concrete platform on 
which they rest. 

The machine platform, Plate S, at an elevation of about 18 feet 
above the attic floor, supports the freight elevator and its machinery. 
The arrangement of the sheave beams and the machinerj', and the 
loads are given in Fig. 198. As previously directed, these loads 
must l>e doubled for the beams and their connections. It is not 
worth 'while to figure closely on the elevator supports. Only a 
small amount of material is involved, so all the computations should 
be on the safe side. 

With the liberal treatment of the elevator hiads suggested 
above there remains nothing complicated in the designing of the 
I)enthouse framings, but the work is twlious on account of the 
variety of loads and the irregular spacings. 

Probu:m 

Check the framing m the jienthouHP fK*twfH*n oohitnnH Plates 

G and K, 

Sidewalk Construction. The sidewalk framing is shown on the 
first fl(K>r plan of the building, Plate C. A strip of prismatic lights 
extends along the building line, Plate K. 

Pboblem 

Check the of beams vumhI m the Hidewalk. 

Design of Columns. Columns 8 and 9 are selected as typical 
exterior and interior columns for illustrating the computation of 
Imuls.and the design. 

IxMds on Colujnn 8. Fig. 20.3 gives the schedule of loads on 
column 8. The floor area tributary to the column is 
or 191 square .feet; for convenience use 190 square feet. This area 


applies at all floors and the roof. 

The dead loads are 

Roof, per sq. ft. 90 lb. 

3rd to attic floors, per sq. ft. 153 lb. 
2nd floor, per sq. ft. 170 lb. 

1st flocHTt per sq. ft. 158 lb. 


987 
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The live loads per square foot for the successive flooj^ after 
making the reductions descril»ed on p. 298 are. 


Roof 

• 25 lb. 

9th floor 

25 lb. 

Attic flo<)r 

m lb. 

8th floor 

25 lb. 

H)th flfKir 

40 lb. 

7th floor 

251b. 

151h floor 

37| lb. 

0th floor 

25 lb. 

14th floor 

35 lb. 

5th floor 

25 lb. 

13th floor 

32| lb. 

4th floor 

25 Ib. 

12th floor 

30 lb. 

3rd floor 

25 lb. 

11th floor 

271 lb. 

2nd floor 

25 lb. 

10th floor 

25 lb. 

l<t flcM)r 

50 lb. 


Column 8 sui>i>orts onc-lialf of the wall between columns f 
and 8, and one-half between columns 8 and /J. As these panels 
of wall arc not the same thickness, they are estiniati'd separatt*l>. 
Their respective weights have bt‘cn cstimatctl to In* KJb pounds and 
,121 pounds [x*r square foot for wall surface. 

The wall area estimated is tlie net area between columns, the 
width of column for this puriKise being taken at 22 inches, out to 
out, of concrete. The brick facing for this width is estimated 
with the weight of the column, lletwcen columns 1 and 8 in the 
ty])ical stor\, the total wall area is lUXlT'-S" or 194 square feet. 
From tl^ is deducted the window area, Plate V, 2X'V-6*'Xt>'-4*' 
or 44 stjuare feet, leaving a net area of 150 square feet. Onc-half 
of this, 75 square feet, is carried by cdunm 8, At other stories 
the area differs because of different story heights and different 
windows. At the roof in this panel are a terra cotta balustrade 
and a cornice, Plate T; and at the 3rd and 4th floors ate belt courses 
of terra cotta projecting bev ond the wall line. These are irregular 
ill shape but their dimensions can be scaled and their approximate 
weights computed'at the rate of 120 pounds per "cubic foot. 

^ Betwreen columns 8 and 15 in the typical story, the area sirp- 
pplted by column 8 is 1 Ux 17(-6*' or 192 square feet. From this is 
deducted the window area 2x4'x6M'' or 51 square feet, leaving 
a net area of 141 square feet. One-half of this, 1p square feet, is 
cairied by Column 8, Note that the small windod^ h tw^Iecte^ 

^ At the roof there is a parapet wall the dimenf^nns'of'whi^ can 

scaled from the drawdPi^. 
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The basement and first story walls are not suptxtrted by the 
steel framework. 

For the weight of tlie C’olumn and covering an average an^ount 
per foot of length is computed and used for the whole length thtts: 


Steel 

150 lb. 

Concrete (22x22 lesh 40) say 

450 Ib. 

Brick facing 4*'X22*' say 

IK) lb. 


000 lb. 


This amount is too large at the top and too small at the bottom. 

From the foregoing data tlie h>ads on (H>iiiinn 8 are computed 
and entered in the schedule in Fig. 203. For the column section in 
any given story the loads entered are the weight of the column in 
that story, the weight of the floor above, and the weight of the walls 
in the story above. 

As the loads are entered, the eccentricity, if any, is noted as 
indicated by the letter e. - At all floors from the second to the 
roof, one-half of the floor load comes to the column thr<>iigh the 
girder 8~9 and oiu'-half hrough 8-Jd. Those connect on oppt>site 
sides and balun(*e ea<‘h other. At the first floor the entire flisur 
load connects to one flange ami, therefore, is eccentric. The wall 
loads are eccentric throughout, but at the second floor the wall l(»ad 
1-8 is only slightly so and is on th^ opposite side of the axis from 
the wall load 8-1 In the schedule, on tl.e line marked “eeeentric 
effeet”, are given the concentric equivak’iiLs of the eceeiS^ic loads 
computcnl from the formula 

cc 

ir'.-ir— 

• r’ 

No serious eyor is eoinmittetl if, for the shai>e of (‘oluinn here use«i, 
the value of r is taken at eight-tenths of c. The result can be cluwked 
back and the error correcte,d, if nece.ssary, after the section has l)een 
8electe<l. The values in the schcslule are computed on this basis 
but the amount entered is three-fourth.s of the computed amount. 
Thus for the attic story column the computations are 

■ ■ »”.-22.300x|^ -40,600, say 40,000# 

,, oXo 

Three-fourjths of4;his is 30,000, which amount is used. At all the 
tj'pical fiopra, the result is so dose to this amount that it may lie 
used from the second story to the roof. 
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The eccentric effect at the first flocw (on basement column) i$ 

W".-39,500X^^P ■02.000# (approx.) 
oXO 

three-fourths of this is 46,500 pounds. 

Note that the eccentric effect is not cumulative. 

Load^ on Column 9. The loads on column 9 are much simpler, 
consisting only of the weight of the column ami the floor loads. The 
floor area is 10'-o" X10'-fi' or 320 sciimrc feet. On the floors, second to 
attic, the part of this area in the panel 9~i0-l7-lf) is lighter than the 
rest of it. This is taken into accoflnt in the following dead loads: 


Roof, {H'r sq. ft. IK) lb. 

3rd to attic floors, per sq- ft. 150 lb. 

2nd floor, i)er sep ft. 107 lb. 

1st floor, IMT s(|. ft 1.5H lb. 

The weight of the column per lineal foot is 

Ste<*l 150 lb 

( oncrete, (20 X 20 less 4( >) 300 lb. 

Total 510 lb. 


At each floor there is ecevatrieity due to the unequal lomls from the 
girders S~9 and 9-W. On all fl(»ors from second in roof 100 square 
feet of the total area are applied to the (‘oliimn through girder 
which connects to the web and is not ec'crntric; 90 square feet arc 
applied through girder S-lh, and 04 sf|uarc .Vet through girdc*r O-W. 
Tlie difference Iwtween the last two amounts, 32 squgre feet, is the 
unbalanced area prcKlucing eccentricity. 

The loads in the schedule for c vluinn 9, Fig. 20^1, are computed 
from the foregoing data. 

The eccentric effect is small and to save R'dious calculations 
can be computed for average wnditions at a typical floor and the 
result applied to ail floors except the first. ''ITiua, at the fourteenth 
floor the total of d^pxl and live lomls is 00,(XX) pounds; one-tenth of 
this, or 0,000 poun^, is unbalanced and, hence, is e<‘ceijtric. The 
values of e and c are equal and may be assume<l 7 inches; r may be 
assumed 5 mches. 

* 12,000# (approx.) 

Accordiilg to the rule |dopted three-fourths of this amount is used« 
^tihat, is, 9,000V>tmd8..« This is applied at all floors except the flrilt. 
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where the load conditions are different. After the column section 
i» selected, the eccentric effect may lie checked, using the actual 
values of e, c, and r. 

Column SectUm. TyjK*. The column section adopted for^this 
building is the H*scetion built of plates and angles. It is selected 
because of its ease of manufacture, ease of making connections both 
to web and to flanges, and for commercial reasons. 

Location. The position of the column as to the direi'tion of 
greatest stiffness has been discussed, and in both of the exanjples 
the column Is placed so that the stronger way resists the eccentric 
mohient of the load. 

Size. It is desirable, though not of great importance, that the 
general size of the colunm be maintained throughout the height. 
For this reason a 12-inch web plate is usefl, although this might be 
made 10 iiu'hes in the upper stories and 14 inches in the low'er stories. 
If column S were niade 10 inches in the uppt^r stories, the eccentric 
effect would be so increavsed that the section retiuirtnl would prol>- 
ubly be greater than for the 12-inch column. The use of the 14-inch 
w*eb plate in the lower stories would decrease the w’eight of the 
columns but would make the finishe<l columns larger and thus reduce 
valuable floor space. 

1/cngth, The columns are made in two-story lengths, the 
splices in this case being made at the even numltered floors, that is, 
al 2, 4, fl, etc. The columns w Inch extend through the sul)-basement 
are made in tlmv-story lengths to bring the splice at the second 
floor so as tt> be at the same level as the others. The cross section 
of any length of column is governed by the stress in the low'cr of 
the tw<i st()ries comprising that length. 

Summary. Having the loads computet! as given in the sched¬ 
ules and ha\ ing established the foregoing general conditions, it only 
remaibs to select frt>m the tables in tlie handbooks the sections 
required for the several lengths of column anil enter them in the 
^rhethile. (See idso Plate H). * 

Iff designing these columns* the maximum thickness of metid 
used b i inch, because -any metal thicker than this would reqwre 
reaming or drilling and thus add to the cost. When the thidc- 

*Th« lelrnvi] to oo abiI 194 wore itpt uanl is tUa dM|g»: ao 

UaaliaU MHitlon iimu wa fuund tberain. 
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ness of cover plates on one flange is more than | inch, two or more 
plates are used, each being | inch or less in thickness. No cover 
plates are used unless the stress is beyond the capacity of a section 
having f-inch metal in the web plate and angles. 

•PeoBiSkMs 

1. Compute the loade and make the detdgn for csolumn /i?. (Note thaa 
this column extends through the sub-baaetnent) Make schedule as in Figs. 
203 and 204. 

2. Compute the loads and make the design fur column t7. (Note that 
the eiiurt waOs do not occur below the third floor.) 

3. Make a diagram showing the floor areas supported by eolutnn if At 
the first, seeond, third, and typical floors. Plates C', D, E, and F. 

4. Give detailed computations of the wail load supported by column i? 
in a typical story, Plates F, R, and W. 

Column Pedestals. The piers under the columns are round and, 
therefore, in order to distribute the load as evenly as possible, round 
cast-iron pedestals of the type shown in Fig. 152 and Plate H are 
used. The bearing allowed on the masonry in this ease is 800 
pounds per square inch. The load for column 8 is'1,129,(KK) pounds 
and for column 9 is 1,132,000 poumis. (The eccentric efect js not 
included.) The area required is 1415 square inches, which 
sponds to a circle 42 inches in tliameter. But for the sake of using 
few patterns, the diameter is made 44 inches. 

Height, While the height of the pedestal is taken at 24 inches, 
there is no very definite way of determiniiig the height. However, a 
number of trial designs indicate that pedestals of the tyi>c here used 
should be proportioned as follows: 

For a bearing of 800 lb. per .sq. in., height 53% of diameter 

For a bearing of 600 lb. per sq. In., height 43% of diameter 

For a bearing of 400 lb. per sq. in., height 35%> of diameter 

Top. The sisse of the top of the pc^ie.stal is controlle.d by the 
detail of the biwe of the column. It must extend far enough beyond 
the hub to provide holes for coiinec4:ing to the column; 2^ inches at 
the narrow place b igsually enough and this is available to resist the 
braiding moment. The thickness is assumed arbitrarily at 11 inches. 

Ribt, The number of ribs assumed is eight. Their thickdess 
is not less than one-twentieth the height, that is, inches. 

‘ Ditmeier of llvb. The diameter of the hub is made such that 
*the grtlfci part of the column section is directly over it. In this 
ease 11 indhes {aside diameter is suitable. The thickness of the hid> 


sss 
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must be such that its area together with that of the ribs und^ the top 
plate will support the column load at 10,000 pounds per square in<^. 
Thus the total area required is 113 square inches. The area of the 
ribs to l)e counted is or 2.5 square inches, thus leaving 

88 square inches to be provided in the hub. This requires 2^ inchesr 
thickness of metal, which makes the outside diameter 15| inches. 
The area of the 11-inch circle is O.") square inches, and of the 154-inch 
circle 188 square inches; the difference, 9.3 s(juare inches, is slightly 
more than required. 

The thickness of the bottom plate must be assumed for trial; 
use 21 inches. 

The dimensions of the rim arc fixed arbitrarilj' !§ inches thick 
and 5 inches high. 

Test Jot Jiesisifmre to linuhng. Ila\ ing deterraineil or assumed 
the thickness of metal in the x arious parts of the pcslcstal, it is lum 
necessary to test the cross section for its resistance to Ixuiding. 
The procedure is the same as that given on p. 22t). 

of draeity. To lo<'ate the c-enter of gravity and the 
neutral avis, take the following: 


Bottom plrttc ao-u 41X22 -112 7,'i .1/112 7.")X 1 .175=* 1.55 07) 

Hul) an-a 2x192x22= .SS 90 \f S.S 90X12 025 *= 1122.30 

Top plato iimi 2x 11x24= 7.50 1/ 7 50X23 2.5 « 174 37 

Ran ami 2X .5 Xl4= miO M 1.5 x 5 2.5 = 78 75 

22115 15;i0 .53 


The distance of the neutral axis from 

1 . 5 : 10 . 5 :? ^ . . 

- Tf,-or U.80 inches. 

10 


the lK>ttom of the plate is 


Moment of Jmrlia. 
the neutral avis is 

For bottom plate 
For hub 
Tor top plate 
For rim 


The moment of inertia of the section about 

i 1*9X41 X (2.7.5)* » 71 

\ 112.75 X(5.48)* - 3386 

f,’,X2.25X(19.K)*x2 * 2880 
“\S8.9X (.5!5’8)’ « 2969 

,‘,X2.50X(1.5>>X2 « 1 

7.5 X(16.4)* 2018 

/AX14X(5)*X2 «= 31 

\l5.0x(1.6)* ^ 9 38 

Total moment of inertia »11,394 


884 
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Mmiml. The resisting momaijt of llie sec'tioii is 

,, 3fKK)X11 . „ 

HM -- in.-lb. 

0 K> / * 

The }>etuiiiig nioniciit of the loa<i is 

3/=^lj:VJ,(KWlX4lXWO.IKK) in.-lh 
Ileuee the asssyiined plate has the mpiired rt'si.staiur to htMidiiif;. 



Fi» 205. ‘Ducnun Bcnduic MoaMnil« Du« to Wimi Prewiii/o ^ 

Atcolfftins 36, S7,38,40,4f> a'wi 4^f the piers arc built centrally 
OD the wt line tolbpport two sets of oolumiia. The bases <-amiot be 
eactended be)wnd the lot Une, so are made rectangular. Thi^ 


aas 
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I-beams are used for this purpose, as illustrated in Hate H. The 
methcKi of designing has been explained uivier bearings for beams. ^ 

« WIND BRACING 

Wind Loads for Entire Building. The wind load is assumed 
to be 20 pounds per square foot, all of which is to be resisted by the 
steel frame. Fig. 205 is a diagram on which are marked the wind 
loads for the suctessive stories and the resulting bending moments 
in the columns and the girders. The values given afte for the entire 
building and, as the building happens to be practically square in 
plan, the diagruui applies for both directions. 

At each of the upper floor levels, tlie load applied to the frame¬ 
work is 1(K)X 11 X20 or 22,(XK) pounds. The first, second, and third 
floors support different areas, hence different loads. 

Bending Moments. In Columns. The bending moments in 
the columns are computed as follows: 


Attic 

22,000X5i = 

121,000 ft.-lb. 

16th story 

44,000 X5H 

242,000 ft.-lb. 

15th story 

66,tXK)X5| = 

303,000 ft.-lb. 

etc., etc. 

1st story 

582,500 X7i = 

2,773,000 ft.-lb.’ 

Basement 

397,000 X0 = 

2,382,000 ft.-lb. 


In Girders. The bending moments in the girders, according 
to the rule previously established, are the means between the bending 
moments in the columns. The values are 


Roof 

121.0(X)+ 000,000_ 60,500 

Attic floor 

121,000+ 242.000_ 

16th floor 

242,000+ 363,000. 

etc., etc. 


2iid floor 

a.393,000+2,773,000_ ,2,683,000|t.4b. 

tst fl^r 
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^ Note tiuit the bending moments in the Orders g^ven above are 
for cme side only of the column; an equal amount occurs at the other 
side, making the total amount to be resisted at each floor t^ce that 
given. 

Resistance of Mandrel Girders* Consider now tlie wind from 
the North or from the South. At all fl<wrs resistance is offered 1 y 
the spandrel girders between columns 1S6 and 7-4^ (except at first 
floor 1-36), and. by interior and court wall girders in a north and 
south diitxrtion. 

In the upper part of the building, the ginier sections which are 
required by the gravity loads are sufficient for resisting the wind 
stresses. The first step is to determine the n^sistance that can be 
developed by these girders and then find at which floor it is neces¬ 
sary to use special construction. The connections of the spandrel 
girders are show^n in Plate F and Fig. IfiO. The horizontal shearing 
value of the (field) rivets in one flange at 50 per cent exet'ss values 
is 4 X .44 XI6,000 or 20,4(K) pamnds. Then the rcsi.sting momisnts for 
oqe end of each beam of v'arious depths are as follows: 


12-inch beam 
15-inch beam 
18-inch beam 

20- inch beam 

21- inch beam 
24-inch beam 


1 X2G,400-20,400 ft.-lb. 

1 i X2f),4(K)^ =53,(XJ0 ft.-lb. 
11X 20,400::: .39,000 ft.-lb. 
11X20,400- HW) ft.-lb. 
11X20,400 - 40,200 ft.-lb. 

2 x2G,400 - 52,800ft.-lb. 


This applies to the court .spandrels asw'ell as to the outside spandrels. 

Resistance of Interior Girders. The connections of the interior 
gilders are shown in Plate 1 and Fig. 191. In the case where ear’ll 
flange is connected by six |-inch rivets, the horizontal shear resist¬ 
ance is 6 X.44X1 5,000 or 39,600 pounds. Then the resisting moments 
for one end of beams of various depths are as follows: 


12-inch beam 
15-inch beam 
18-inch b€«m 
^0-in^ beam 
21-in beam 
24^indhbeain 


1 X39,600*-39,600 ft.-lb. 
11X39,600-49,500 ft.-lb* 
11x39.600 -69,400 ft.4b. 
If X39,600-66,000 ft.-Ib. 
11X39,600 -60,300 ft.4b. 

2 X39,600-79,200ft.-lb. 


S87 
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On a typical floor the number of connections and their values are: 


4 spandrel heams 
12 spandrel beams 
IS spandrel beams 

4 interior beams 
I t interior beams 


15 inch at 33,(X)0-132,000 ft.-lb. 

IS inch at 39,000 = 470,200 ft.-lh. 

21 inch at 40,200 - 831,000 ft -Ib. 1,438,800 

IS inch at .')0,l(K) = 237,f>00 ft.-lh. 

21 inch at 09,31X1 = 970,2(X) f< .-Ih. 1,207,S(K) 


2.tV4(i,<)<M) 

This resistance Mittieient at the eighth floor and upward. Above 
tlu' tenth floor the interior c(mnections may l>c redmed, an indn atetl 
oti Plate I. 

The interior connections cannot lx* increasevl without the use 





> ^ i600'</001 0400 

^ X 6600 * Si ^}t,S00 
J t‘XS6.'Sx 7^J^^l-^^}00 
■f 2X 6o\e^‘fSi'0o 

S r* sm \ 46 \li‘ 3000 
f tx XiZ'i X ^6 x / » /SOO 

tis too 


fig JHagruni SltiiyrliiK Mi'tSud nf CoiiipuCing tIr'iidiiK Molueiil ot 

Ciirder CVinm-otion 


Off brackets which tvould projet't through the fireproofing. TTife 
spandrels are not so limitetl and braeket.s can be used to increase 
their resistance. In this-*naniier the resistance to wind stres^Can 
be provided down to and including the foUrth flew, Fig. 192. 

Qirdcr Re^stance ftn^XIilrd Flottf. At the tmrd floor, th(^ waU 
> con^^Lrugtion is such as to make desirable deep Bpandresi 
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between columns i~S and These Orders with their cminee- 

tions are shown in Plate E. The total amount to he resisted at the 
third flo<»r is 2x2,104,()(t0 or 4,2{XS,(H)0 ftM)t-iK>uucL. Of this about 
1/>0(),(KX) h>ot-jaHinds are resjsUnl hj the interior beams, leaving 
2,700,tXK) foot-pounds to Ik* resisted h\ the spandrel Ix'ams. Con¬ 
sider this di\ided equally between the two sides, there being 10 
csninections on each side, so that eiu li ct>imec*tion in the spandrels 
mu>t resLt Pio.OtK) foot-[)ounds. This requires brackets 
of the tyj>e shown in Fig, 192 for the I-heains and thccs)nnf*o- 
tiims shown for the plate girders, Plate K. 

The ('uniputations of the eonneetion of the plate girders are 
sliown in Fig. 2(Mi; a is the rivet spat ing; b is a graphical diagram 
giving the pro|)ortioiis of the full met stress for the rivets at various 
distances from tlie (vnt«*r, and e is the eompututiuns. Tima item T 
is 2 field rivets# f-ineh dianu'tt'r, in single shear, at full unit stress. 
With a moment arm of .’1“ feet; item .1 is 2 fi»4d rivets, f-uich ditini- 
ettT, in single shear, at 0.72 of the full unit stress, with a moment 
arm of 2| feet. The total resistame is somewhat larger <han 
required. " 

The girder .section is excessive, the depth iK-irig fixed by the 
spandrel construi'tion, and platc.s and angles being the minimum 
sizes suitable for this situation. 

Girder Resistance for Second Floor, At the second floor the 
interior girders are arranged <lifferentl.v, so their resistance mu.st be 
compiiteil. The inctluKls just given, applied liere give 172,000 foot- 
‘{Kmnds as the bending moment at i‘a<’h spandrel eoime<*tioii. Tfie 
connections to the columns are designed in the manner previously 
illustrates.!, Plate D. 

Girder Resistance for First Flor>r. At the first floor tlierc arc* 
no spandrel girders between columns /-»%'. The columns in this 
row are liedded in the haseiiierit wall. The wall is assumed to resist 
ime-half of the wind streas at this The other half of the stress 

is resisted by the interior girders a»»d the spandrel {prders 7--^^, 
Plate C. 

JTbe mistake is .sometimes made of neglecting the wind braedng 
at we first floor. Tkig it the m/jst important plaet whert ii should 
b0 given aUentum. ^ It cannot be expected that the pressure will be 
tBKUBinitted tef tjbe ^urth at a higher level than the basement Boor. 
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Proof, of Column Sections. It remains to be detemuined 
whether the column sections are overstressed by adding the wind strMS 
to the gravity stresses. One case serves to illustrate the method. 

At the second floor, the bending moments in column 8, corre¬ 
sponding to those in the connecting spandrd girders, are 160,000* 
foot-pounds and 184,000 foot-pounds above and below the floor, 
respectively. Consider the first-story column. This bending mo¬ 
ment is bas*i!d on a moment arm of 7i feet. The critical section is 
at the base of the bracket which is 3 feet below the center of the 

girder. At this point the l>ending moment is 184,000X—or 108,000 

foot-pounds, or 1,296,000 inch-pounds. 

The column section in the first story is 

1 web plate 12*'X 

4 Ls 6'*X4 •XV 

0 cover plates H^X I" 

The bending is about the axis which is parallel to the web, so the 
, values of c and r must be taken in reference to this axis, c is 7 inches, 
one-hulf of the width of cover plate, and r taken from the tables for 
this ciilumn is 3.5. Then the concentric equivalent load is 

1,296.000 X 7 



The gravity load on this column is 1,088,000 pounds, making 
the total for which it must be designed l,828,0fX) pounds. The 
feiigth may be taken at 11 feet on account of the depth of bracket. 
According to the column formula, this section is good for 1,196,000 
pounds. For the combined stress this is increased 50 per cent and 
equals 1,794,0(K) pounds. As this is within 2 i)er cent of the required 
capacity, it is accepted. 

^he designer is warranted in making liberal assumptions as to 
the lengths of columns and the allowance of excess stress when th^ 
^ bniit into substantial masonry walls. 

iMiis case illustrates the desirability-of carr^g as much ai the 


wind load as practicable on the interior columns ami girdersi^jrther- 
wLse tile exterior columns may need to be increased idbove fle re¬ 
quirements the gravi^, loads in order to take the heavy amsd* 
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In cases like that above, it may be best to turn the. columns in ' 
tbe other direction. It is simply a question whether tl:^ effect of 
the wind stress is more important than the effect of the eccentric 
gravity loads. * 

Other Wind Stresses. Now, consider the wind frt)m the East 
or from the West. It happens that the south wall of the building 
is solid, so that diagonal bracing can be used, as shown in Plate I, 
and such bracing is designed to take one-half of the wii)datr<^ In this 
direction. At the ninth floor a strut extends across the court so that 
the two sets of bracing co-operate below that level. Tlie other half of 
the wind stress is carried by the interior east and W'est girders and 
the spandrel girders 1-7. The problems involved do not differ 
from those that have been described. 

MISCELLANEOUS FEATURES 

Chimney and Its Supports. The chimney. Plates IT atul I, is 
located near column 81. It extends from the sub-basement fl(x)r 
to the top of the penthouse. It is made of .steel plates. The tldck- 
r.ess of plates is arbitraiy, the chief consideration being durabiHt;)^ 
The chimney is lined inside with an insulating material which is 
supported by shelf angles spaced 3 feet apart. The chimney is 
designed to be built in sections coitesponding to the two-story 
r‘olumn lengths. The sections are joined together by means of 
flange angles and bolts. 

The entire weight of the chimney must be carried from one 
support, as its length varies with changes in temperature. So far 
as the finished structure is conc^emed, it could re.st on the sub-base¬ 
ment floor, but for convenience in erection it is supported at the 
first floor. Thus it can be erected along with the structural ateel, 
the baseix»nt and sub-basement sections being placed at any con¬ 
venient time afterward. Usually the sub-basement work is not 
done until ^ter the steel framework is erected and it would then be 
difficult to get the chimney into plic& 

The details of the breeching connection are given to control 
boljkthe structural steel fabricator and the builder of the breeching. 

^Aaaoiiry Supports. Along the two facades ^at the first floor 
are some granite bases which require supports. These su^porta, 
detailed in l^te C, are made indqpendent ol the ridewalk construo- 


141 



328 


STIOKL C *( )NSTK V( 'Tl ON 


tiou so that tlio (j^ranite can lie set in advance of huildiug the i^de> 
walk und^lso so it will not be affected by any pos-sible settlement 
of the sidewalk. 

At all floor levels or either eonveinent jMiitits, provision must be 
made for siipportinj; the masonry across the face of the columns. 
This cun be tlone on this building in ino>t eases by extending a part 
of the spuialrel sections across the column. Hut in main buildings 
sjM'cial shelves irmst be built. 

Lintels. Abist of tlic spandrel girders are sii located that they 
serve as hotels o\er the windows. IMates are n\<‘t('<l on the bottom 


flange o\er these o[M‘TnngH to support the outer course of bricki* or 
the terra cotta lintel. Tin' cd"c of tlic platt* is placed 2 inches liack 
from the outer face of the brnhwork. Snne designers prt'fcr to 
extend thesf* plates the entire leiigtli of the girdiT to support the 
face brick, Plat<‘s b and 'F. \^ lusi the wiiahtw s are not high enough 

for the abo\«' lintel iletail, deta< he<l angle lintels sire u-^ed. 


Spandrel Sections. On buildings ha\ing eiuiioratc fui'ailes, 
many special details must be designe«l for sup{)ortnig the masonry, 
'file spandrel sections on this building, Plates I. and T, are epm- 
puratbely simple. 

At the .second floor a projecting plate is used along the liottoni 
flange of the girtler. At the third l!o<»r a similar jilate i.s ustwl and, 
at the tep of the ginler, braekets jirojeet tmt for supporting a licit 
course of terra eotta. 


Onuuneiital metal baleomes at the se^enth, ninth, eleventh, 
and thirteenth floors are supported by light angle brackets riveted 
to the girders. 

A terra eotta bah-onx at the lifttmth floor re<|uires the special 
framing sliown for it. 

In gtMieral, wheri'ver terra witta is used, anctior holes are re¬ 
quired iS the structural st«H‘l. It is the duty of the designer to 
secure the luaessar.^j* data aiul put it on the draw^lngs. These holes 
usually are spawl almut .six inellt's a|>art horijuintally. Only the 
vertical dhneii.sions nectl lie suppluxl. 

I'he comice supjHirt i'Tjijuite siuiilar U» that of the terra 
couorse at the third flinir. For wide eornict*s, brackets project irom 
the ctflunms, andf fhese brackets carrj' beams for the support trf tfee 
terra cotta^ Every case requires its special design '* 
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Flag Poto Support. Near column 7 on the roof plan, Plate G, 
is dhown a pair of channels fur supporting a flag pole, ^ similar 
pair of channels occurs at the attic floor. On some buildings the 
flag pole can l>e connected direttly to a cttlumn. This is the simplest 
and most desirable scheme. In st>rae cases it may be set in sockets 
on the roof and braccKl with angle or other struts. 

No data are known to the writer regarding the hmd on a flag 
pole. A load of 20 pounds jkt square foot app]ie<} to the area of the 
flag seems sufficient to cover the actuail aiiul pressure and vibration. 

Mullions. Where the space ladwei'ii wiiulo^^s is not enough to 
permit a sub.stantial mustjnry pier, the nuillion should be reinforceal. 
I«l)caras, tees, or angles may lx>f used,deix*nding on the conditions. 
In this ca'»e two risls arc built iaito the brickwork, Plate L. 

Anchors. Tlie aiiciior reals show’ii extending thrtaugh the span¬ 
drel girders aud into the concrete slab hokl the spanrircl girders 
[{laterally and make a rigul TOiincctioii betw'ceii the framew'ork aud the 
fl<K)r ciinstrwtion, Plate L. 

DIMENSIONING DRAWINGS 

• 

Base Lines. The ba^e lines for hori/onlal fliniensions are the 
building lines of the structure. They are shown on the first-floor 
plan, Plate C. The building lines noniiiudlc* rcjiresent the outside 
lines of the building walk. In realit.v tho are often imaginary 
reference lines, for, on account of the oflVts, parts of the wall may 
extend beyond these lines and other parts be inside of them. For 
the class of buildings under consideratuni, the building lines usually 
coincide with the lot lines. If they do not, then the lot lines should 
be shown and dimensioned from the building lines. If the comers 
of the building are not exactly right angles, the angles must be 
marked on the first-flcxir plan. The cardinal points of the compas.s 
should be marked with approximate ac<‘uraey on the first-floor plan. 
One of these points is used as a reference in markin|; one side of 
columns and one end of gir<iera for convenien<'e in ere<'ling; thus 
E on the ei^t face of a column, or N on the north end of a girder. 

^Immi Centers. Having established the building lines, the 
next step is to dimension the cdlumn centers. Hie simplest situor 
tion is when the building Is rectanguhu’ and the columns are in 
rows in both directions. Then two lines oi dimensions wfll ‘suffice 
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tc> fix the location of all c'olumns, Plate D. Any irregularliy of 
spacing in any row requires a special line of dimensions in that row. 



Flu DiitKxaiii ShtmiiiK MctlKxl <if Duiicnsiciniitg Column CvnwrH in iiu Irivgular liuilduic 


With an irregularly shaped building, the dimensioning becomes 
more complicated. One building line should be adopted as a refer¬ 
ence line, taking the one to which the greatest nunil>er of column 
lines are jM‘ri>endicular and parallel. Then all columns should be 
located by dimension lines jx*r|)endicular and parallel to this refer¬ 
ence line, that is, by rectangular co-ordinates. The only diagonal 

<limensions necdetl are those along which, 



Vic. 30B ConstnicUon Diagrui for 
IMtalla of Ficun 207 


or parallel to which, steel members are 
placed. 

In Fig. 207, the reference line used 
is the south building line. The building 
lines in this case are probably lot lines. 
Tlieir lengths and the angles are de¬ 
termined by a survey. The distance 
from the lot lines to the column centers 
is established at T-IO* on all sides. The 
spacing of columns i to 7 and tlie 
tangement of the other columns are i|3ced 


by architectural conditions. 


, FromT the fofesoing dat|^ all the required dimensons can be 
computed by trigonometryr Firsts compute the distances IrcHii 
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column 7 to the comer of the building. From Fig. 208 it b aj^paYent 
that these distances a b and n'h are equal to each othc^ and equal to 
caXcot 41® 35'; then 

a 6®«a'6=»22*'X1.140=*25V**^ 

The distance between columns 9 and 1-5 is 

20'-(fXtan 19® 20’’-20Mrx.3508«7'-()A' 

In this manner all the dimensions can l>e computed. 

PnnnLRM 

Oimputc the distanccH between columns which are lacking in PtR. 207. 

The column center dimensions should be reix^atefl on all the 
floor plans. If the floor framinjg plan i.s crowdtHi, a separate diagram 
at small scale may be plaotni on the drawing to display the column 
(‘enter distancres. 

Girders and Joists. Girders and joists are dimensioned from 
the column centers. The dimension lines required are illustrated 
»n Figs. 201 and 202. Note in Fig. 2()l-b that there is no joist at 
column 23, so the space is divided and the adjacent joists tic»l in 
the column. No dimensions are required for the lengths of joi:>t8 
and girders other than those locating the centers of the columns 
ard beams to which they connect. The shop dctailer computes 
the actual lengths of beams required. Hut if one end of a beam 
rests on a wall, one face of the wall and its thickness must Ik; given. 

Such details as struts, mullions, platc'i for supporting brick- 
w’ork, etc., are also Icxjated from column centers, as illustrated on 
the floor plans. 

Vertical Dimensions. 7'^^^ vertleal dimensions from floor to 
floor are given in a separate diagram or in connection with the 
cedumn schedule, Plate H. At the first floor a reference is made to 
established sidewalk grade in tc'rms of its elevation above datufh, 
Hate C. The elevations of lieams are given in reference to the fin¬ 
ished floor elevations, respectively. Usually the elevation of joists 
and girders can be covered by a note, Plate F. Special cases c:«,n 
be i^ven by figures alongside the lieams indicating the distance 
from the fiemr levd to the top flange of the beam; thus-~5U means 
that the top flange is inches below the floor line. 

Eievatioiia of Spandrel Beams. The elevations of spandrel 
beams ean be ^jbown best cm iJie sections, where both the elevation 
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and the horizontal po^sition can he given in relation to the other 
matt'rials of Am.struction thereabout, Plate L. 

Swnviarif. The use of unne<*essary din^ensions and needless 
repctitifms may he a source of much inconvenienee. It increases 
the prohahility of errors and ctiuscs extra wtjrk in chet'king. 

While structural steel <lrawings should he made reasonably 
acrurate to scale, scaled dimensions must not be used in executing 
the work. 

The scales used in rraking tlrawings of structural steel should 
he as follows: for framing plans, i inch or i inch; for spandrel sec¬ 
tions, \ inch or I inch; and for details showing all dimensions and 
rivet spacing, 1 inch or 11 indies. In each case the scale first given 
is prefernsl. The use of a number of different scales in the .same 
set of drawings is ohjectionahle. 
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PART V 


PROTECTION OF STEEL 

PROTECTION FROM RUST 

Rust, ^though steel is the strongest of building matenals^ 
under unfavorable conditions it may be one of the least durable. Its 
great enemy is rust. Tlie corrosion or rusting of iron and steel is 
familiar to every one. It is a chemical change in which the metallic 
iron unites with oxj'gen and forms oxide of iron or rust. , 

RUST FORMATION 

Theory. While rust is largely or wholly oxide of iron, it not 
produced directly by the contact of the iron with the oxygen of the 
air. The presenc*e of moisture seems e.ssc*ntial to its formation. 
Much study has been given to the prot-ess of rust formation, but the 
reactions have not yet been determined jajsitively. It is quite 
generally believed that electrolytic action o''Curs. This theory is 
well described by Houston Lowe in “Paints for Steel Structures" 
as follows:* 

"The electrolytic theory, which no doybt has the «t,rongeBt support, i» 
based upon the recognized tendency of metals to go into solution, even in 
watw. *n>e act is accompanied by the release of hydrogen fiositivcly charged 
WiUs electricity, leaving on the metal a corresponding charge of negative elec- 
tridty. If oxygen is at hand to combine with the hydrogen, the electrical 
teosiim is relieved in an infinitely small current and new tmitionH of the metal 
pass into sohiticm; otherwise the action is arrested by the non-conducting quality 
of the tiun film of hydrogen. 

"The presence of minute particles of suitable impurities in <a on the iron, 
wbooaaoliitlQn tension differs tern the iron, or the presence of acids in the water, 
fgi^fifiaAes ^ discharge of the eieetric iennon and, hence, the continuous re- 
thovil eff pBirtides of iron. On the other hand, the presence of alkalies, and a few 
OthMr gaSMiaiiMa that decrease hydrogen ion oonoentratiop, will dimmish or 
•van atop iron solution and rusting altogether. 

in bri^i is the stdwtanoe of the rieetrolytio theory of rusting, tho 

WUsj a flbat, N<nr York. 
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mor<' c<miplf‘1xj f^planiition of which would involve the details and language of 
the ionic thefirj' of chemical action. C’orrosioif of iron, in the sense in which 
that term has been uwd in this section, has nothing whatever to do with elec¬ 
trolysis by stray ele<!trical cummts from outside soiiroes. Tiie currents involved 
in TUKtiug iiiidiT the theory of elc'ctrolj’tic action are almost infinitely i^ort and. 
minute, and ongiiiate in or on the metal itwlf. 

“The theory is valuable to the ext.ent that it suggeMts rt'asonable and 
X>racticul rerrwily of the defects either of the metal or its proposed eovering, or 
both. Ah in the trt>atini'nt of diseasi'd animal and filant tissues, so in this case, 
intelligent diagnosis must fin'cide the apx>hcatiou of prev‘iitives of rust. Ex- 
peninentul work follontiig the lines of the eh etrolytic thi^ory m se<*king, first, 
to pri'vent, or 'inhibit' I'orroRion by a priming ijout am], scfsontlly, to liunininh 
the {•eiietriitlon of aater bv suitable oviTcoatH, ih promising good r«*sultH, and a 
fin.al solution of the jirobh'iu is eonfidcntlv looke<l tor. 

"The teiidcm V of rust to grow and spread out from a center hUs an adequate 
explanation in the elistnilvtic theorv'. This phcnoim'iion is especially |)er- 
iiu'iouH, as It results in pitting or, undiv a paint coat, m a growth which finally 
fiakes off the paint and exj«>»«•« large areas of the iron ’’ 

Degrees of Exposure. A picc'e of stwl expo.sed to the air will 
ultimately eliange entirely to oxide of iron (except as to the contents 
other than pure ironl i. e., it will he entirely destro.ted by rusting. 
The ^apidit,^' of the chanjje varies with the conditions of exjK’sure. 
'^rhe nistinp will proceed very .slowly if the steel is kept in dry air; 
less .slowly if suhjet'tisl oeeasionally to moist air; rapidly if exposed 
to moisture frequently; and \ery rapidly if exposed to moisture in 
the presem-e of sulphur or other acid fumes. 

'I’he first condition pn‘\ails when steel is enclosed in other 
materials of wnstruetion, as <'olumiis and l>eams enclosed by plaster 
in partitions, and in floor eon^triu'tion, .so that the moisture condi- 
timis change only slightlv'. '^I’he second condition applies when the 
stieel is within the building, but not encased in other materials, thus 
being exposecl to varying degrees of moisture, as unprotected col¬ 
umns and Ixiam.s in storewoms. The third degnje of exposure 
fairly* represents unprotectetl la-ams in basements, vaults untkr 
sidewralks, and steel work out of doors. And the worst posable 
exposure, that is, to moisture in the presence of acid fumes, is had 
In sinelters, and in stnictures* where the stt^?! is subjected to the 
smoke from railroad Un'ornotives. 

Rata of Rusting. Some studies have been maile of the rate 
of coiTpiSon lender different conditions. It is very evident that the. 
rate varus greatly with ;ths conditimis of exposure. Expmments 
along |)iis line have not geme far enough to give ctmdusive retmults. 
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i. e., definite figun‘tJ as tf> t!)||thickness of iiu'tal tfiut will change to 
rui»t i.i a given time. But it is a matter of common knowledge that 
tliore is enough rusting even uiuler the most favorable conditions to 
make it iinportav,t that stivl he protwted. 

Effect of Composition of Metal. The conijuisitiun of the 
metal has some effect on the i*ate of corro.sion. Strueturul steel 
prohahly rusts more riiiiiilly than any other f«>rm or alloy of iron. 
C'ast iron rust?, slt»wl\, probably due to the presomt* of graphite, 
which protects the iron. Wrought iron rusts more rapidly than 
cast iron and much less rapidly than sterl. It is iH'lievcd that the' 
slag ill \vrou{|jj|t iron yiroteets the fibers of iron from exposure to the 
air and moisture. The presi'iif-e ^ manganese is supposed to aewl- 
crate corrosion, while eop)KT and other alloys retard it. 

Efforts haie been made to produce rnst-resisting metals by 
two methodby hiakiiig iron nearly pure, and by using an alloy 
of I'opper. The resulting metals are not rustproof but show* uukIi 
slower rates of corrosion than onliniiry steel. Both have Ixifn 
commercially sutccssfiil us applied to sheet steel, hut are not yet 
used for strueturul steel Bure iron is not suitable for structural 
l)urpost*s because of its lack of strength. It is quite possible that 
mi alloy of copjKT or other metal will be dcieloped for structural 
steel that will iu‘arl\ rustproof. 

PAINT 

Purpose. The usual iiu'uns emplojetl to prevent corrosion is 
to exclude all air and moisture from contact with the metal by a 
covering of paint. It is tlesiral.lc that The paint material he such 
as will inhihit the formation r»f rust, thus counteracting any imper¬ 
fections of the paint in extludiiig moisture. 

Qualities. .'The following cpialities are ilesirahle. 

(1) Adhesive, .so that it w ill hold fast to the steel. 

(2) ?soii-lwrou,s, so that it w ill exclude air aiul jnoistur<% 

Elastic, so that it w ill not crack w*ith chaiig«*s in tempera¬ 
ture, or -ttith the deflecliori of the steel. 

(4J Hard at all onlinary tcinpiTaturcs. 

(5) Xon-volatilc, so that the oils niav not evajK»rate jiiul leave 
tlie inert niaterials of the paint without a binder. 

’ * (6) ‘ Not soluble in water. 

• ^7) Not soluble in oil, so ^at it will not soften when aildiK 

V. '. tional coats are apidied. 
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(8) Inhibitive, that is, of such mat^al «s will prevent the chem¬ 
ical or electrolytic action of ru *ng. 

(0) Color may be important. 

* 

Many of these qualities obviously are much more important 
on out-of-door work than on ordinary building work. No paint* 
has all of these desirable qualities, but by using different paints for 
the several coats, the ideal conditions may be approximated. Thus 
the first coat should be inhibitive and adhesive; and the second (or 
last coat, if more than two are used) should be non-porous and 
should provide the required wearing properties. » 

Composition. A paint is made of a liquid and ^solid, called, 
respectively, the “vehicle” and th# “pigment”. 

Vehicle. The best vehicle for paint is linseed oil. It may be 
had as raw oil or boih'fl oil. The latter is used when quick drying 
is desired but the raw oil is bt'lieved to give better results under 
most circumstances, and especially with red lead. The drying of 
paint is accelerated by the use of driers in the oil. A drier may l)e 
a volatile oil, as turpentine, which effects its purpose by rapidly 
cvaporatirjg after the paint is applied; or it may he a japan, which 
hastens the hardening of the oil and pigment. Turpentine being 
cheaper, it is more used than japftns. The drier should not exceed 
8 per cent of the vehicle. 

Linseed oil varies greatly in quality even when pure, and is 
subject to adulterations which are difficult to detect. Some paint 
makers claim, and probably justly so, that they improve the vehicle 
by adding other oils to the linseed oil; but in general any additions 
other than the drier must be considered adulterations. 

Pigmenla. Pigments commonly used for structural steel paints 
are red lead, iron oxide, graphite, and lampblack. 

Jled lead is the red oxide of lead, Pb, 0^, but the red lead of 
commerce contains a certain amount of litharge and metallic lead. 
These elements cannot be entirely eliminated on a commercial basis, 
but ^t is practicable to obtain a red lead which h 95 pej cent pure 
and it should be so specified. 

When mixed with linseed oil, red lead hardens, much as cMnofit 
when,mixed w'ith wat^, and forms a strong tenaxfious ccmtuig. It 
can be made into a hea^\g^amt, almost a paste, thus giving a heav>'. 
coat qp the steel, or k can be thinned to g^ve a Hght On 
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account its weight, red lead is difficult to mix with oil. This is 
especially true when a largPproportion of lead is used. The maxi*' 
mum proportion is 33 pounds of red lead to one gallon of raw linseed 
oil. While this heavy mixture is desirable, it is expensive as to 
’ labor and materials. A' more practicabjb proportion is 25 pounds 
of red lead to one gallon of oil; a still smaller weight of lead is often 
used and will invariably be used unless the pn>iK>rtions required 
are definitely spe<;ified, for there is no standard practice to govern 
it. Red lead paint with a small proportion of red lea<i can be mixed 
by hand, but if the amount of lead is as much as 25 pounds, the 
mixing should be done in a churn, or ground into the oil at the paint 
factory. 

On account of its w'eight and its settling qualities, it has not 
been practicable, heretofore, to keep red lead paint for any length of 
time, as the lead settles to the bottom and hardens. The hardening 
quality seems to be due largely to the litharge. Now that the lith¬ 
arge can be eliminated from the re<l lead, it is practicable to keep 
the ready-mixed paint for a much longer period. It can noW he 
obtained from the paint manufacturers ground into the oil, forming 
a thick paste, which can be thinned to the proper consistency by 
the (uldition of oil w’hen it is to he used. The thinning can be 
gaged by the weight of the finished paint on the following basis: 

A weight of 24.43 pounds for the fini^ic 1 paint correspmds to 
25 pmnds of lead to one gallon of oil. 

A weight of 25.92 pounds corresponds to 2R pounds of lead to 
one gallon of oil. 

A Weight of 26.76 pounds corresponds to 30 pounds of lead to 
one gallon of oil. 

A weight of 27.10 pounds corresponds to 33 pounds of lead to 
one gallon of oil. (The.se value.s are taken from a circular i.ssued by 
the National Lead Company.). 

A ready-mixed red lead paint can lie made by substituting for 
a part of the red lead some other pigment of inert material which 
will retard the settling, and harden. Lampblack, asbestine, and 
mica soouetimes used for this purpose. Such paints usually 
cmttaiu less than 15 pounds of red lead per gallon of oil, and are 
much less satisfactory than the red lead paste. 
i . Iron cnddcy commercially available, varies greatly in weight and 
characterises. Some is taken direct from mines but most 
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of it Ls maiiuf^ctured. It does not have any cementing properties 
when mixed with linswd oil so must^Be held i« place by the <h 1. 
'^riie paint will la‘^t only ns long as the oil binder remains intact 
'Fhe iron oxide does not inhibit eomision but under some cireum- 
stiimrs aceelerntes it, thgs leading to the formation of patches of 
rust under the paint. UiuliT favorable conditions it makes a gOi>d 
pniteetive coating. Iron oxide is mixed with boiled linseed oil, 
using about S pounds of the pigment to one gallon of o’*' 

The carbon jjaints, which include lanipblai’k and graphite, ha\e 
no mnenting profierties when mixed with oil. amount of 

]>igment used is small <‘oiMpured with that used u red lead paint. 
It, therefort', has much greater spreading power and*consequently 
makes a much thinner film. As it does not inhibit corrosion, its 
proteeti\ e power <le[M‘iuls entirely on the oil, making it necessary to 
use several coats in order to get sutisfm tory results It makes a 
satisfactory second coat o\t‘r red lead. The carbon pigments, 
particularly graphite, are subject to many adulterations. There are 
no standard proportions. Carbon paints can be made at the factory 
and will keep for an indefinite period. 

Prepared Paints. Manv proprietary paints are offered for 
structural steel. Snme have much merit, others none. They should 
not l)€ used unless there are authentic reconls of suteessful use. 

Painting Required. Structural sttrl in buildings is prtiteeted 
from moisture by being eneloseii by other materials. On the other 
hand, in most eases it cannot be repainted, so the original painting 
is of great importaneo. I'he writer re<‘oniinends painting it two 
coats, first red lead, sc’coiul graphite or lampblack. If the steed i.s 
to l>e oneased in (xmerete, the scecnid coUt may be omitted, the con¬ 
crete furnishing ns much protection as the seixmd coat of paint. 

Cleaning. The paint can have no mechanical bond to the 
ateerso must dc|X‘ud on adhesion to hold it in place. This makes it 
neeejssary that the aurfai-es be eleamsl before painting, removing all 
ikiliet, dirt, grease, and mill scale. The cleaning is of utmost impor¬ 
tant, for if not done thoroughly, the paint will not adhere; and, if 
rus^ng.has already started, it may continue uuder the paint. It 
is not uncommon to find large patches of rust over which the pAtnt 
rmin^ ^unl^ken. Tbis^is apt to occur when the Burfaoe is not 
proptn^ cleaned before repainting. 
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Tlie most effective va^of <*Ieaning steel is by meatia of the 
satid Iffast. This method is expensive and is not much used for 
. steel work for buildings. It is used chiefly for cleaning old steel 
work, cspc<*ially bridges, for repainting. The usual means of cleaning 
is by the use of the scraper, chisel, and wire brush. This work can 
be well done with these toofs, if enough labor is expendeti on it. 

Applying the Paint. The paint is bc'st applied with heavy 
round “brushes. It must be spread evenly and cover the entire 
surface and be worked into all corneri and joints. inetai surfaces 
should be warpi and frw* from mt>isture. In cold weather the paint 
should be wanned. 

Surfaces in Contact. It is customary to sp<*cify that surfaces 
which W'ill be in c{»ntact after assembling shall lx; painted before 
assembling. The desirability of this has lx‘en questioned on the 
bflvsis that the paint is probably dc‘stro\ed by the heat from the 
rivets. Nevertheless, there is no evidence that such painting dtws 
any harm and it is best to do it in ac-eordance with usual practice 
Box actions, such as clmnncl columns, should have two coats bn 
the inner surfaces bt'forc ass<*nibling, 

Cement as a Rust Preventive. Portland rrment mortar and 
ctMUTcte are iiihibit<»rs of rust atul, if th-nse and in actual <*ontact 
with the metal, pn>vide the ncc*cssary protectu>n against miHSture, 
If applied to clean steel surfaces, no f)thcr ptotes^tion is require{l. 
Btit the steel, if not painted at the shop, usually wdll Inrome badly 
rusted l)efore it is enclostsi in the building, niaking it desirable that 
the shop coat of paint Im* iisctl. Than the concrete casing will 
make it unnecessary t(» apply the aec-ond coat of paint. 

PROTECTION FROM FIRE 

l^ects of Heat on Steel. Ej'pansion. Heat applied to steel 
causes it to expand- Its coefficient of expansion is 0.(KXKX)67 for 
one degree Fahrenheit, that is, for each increase of one degree in 
temperature a unit of length increases by the amount of the coeffi¬ 
cient. Thus for an increase of 100 degrees in temperature, the 
, iperease for each unit of length is 100x0.0000067 «0>00067; for a 
.length pf 18 feet, the total incaea.se in length is 0.00067X18 » 
0.01206 feet, or .1^72 inches. 
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ITicrc is a corresponding change m the opposite tHrecfdoii, if 
the temperature decreases. From this n is dear that expandon and 
contraction due to changes in temperature occur in appreciable 
amount. The longer the member, or series of members, the greater 
the change in length. Wi^in buildings, the change in temperature 
ordinarily is not enough to cause tmuble,* but if the steel is exposed 
to fire, it might expand enough to push a wall out of place even 
though not heated enough to affect its strength. Cases have ocaurrcd 
where walls have been seriousljt displaced by ordinary changes of 
temperature, bcjcause the expansion of the steel pushed the wall 
outward, whereas the succeeding c*ontraction did not pull it back; 
then the next expansion pushed it farther out, and thus by succes¬ 
sive movements the wall was pushed farther and farther out of plac^. 

Lons of Strength. Experiments indicate that steel can he heated 
to a temperature of about GOO degrees Fahrenheit before it begins 
to lose strength. At higher temperatures, it loses strength rapidly 
and will fail of its own weight at a temperature of about 1500 de¬ 
grees. Steel melts at 2500 degrees (approx.). 

Intensity of Heat in a Fire. The intensity of heat developed 
in a fire varies greatly according to conditions.^ Many cases are 
recorded showing steel bent into a tangled mass from the burning 
of a building, indicating temi)eraturcs of 1500 degrees or more. 
Such temperature's can be produced by burning tlie wood framework 
of an ordinary building, or even the contents of a fireproof building. 

Protective Methods. Unprotected steel yields verj' quickly in 
a fire, much more quickly than wood beams of the same strength. 
It is dangerous and inexcusable to use stnictural steel in e. building 
without providing for its safety. Steel is protected from fire by 
encasing It. in a fireproof material. Almost any material encasing 
steel^will protect it to some extent. Even a tight casing of wood 
will protect it for a little while in a fire. Ordinary plasty on wood 
lath will protect it only until the fire gets through the plaster, alter 
'whid^ the burning of the lath aids in the destruction of the 
Cement plaster on metal lath is efficient only to a limited de{p*ee, 
and while it is an incombustible material, it is not fir^roof wHlun 
the of that tenn as used in building construction. 

Mmue Ilf the Term J^ieeproof, Many buildings are cafied fire¬ 
proof the protection the sted is nothing m<ne the** dewilbed 
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above. Inatanoes can be cited of hotels advertised as firepiroof with 
sted beams placed among wtSod joists with no protection whatever. 

Amount qf Protection Depends on Conditions, A building may 
be made entirely of Incombustible material and still not be fireproof, 
4f the steel is not encased to protect it from the contents cd the 



BRICH ARCHCONSTyttA^TfON 
Pig. 209. Drirk and Concrci^ Aroh Coniftruotipn Showing Partial 
^ Protarlion for I-Boama 


building. Fig. 209 illustrates a form of construction of this sort 
which was much used a number of years ago. The brick arches 
and the concrete filling protect the beam except on the lK)ttom 
flange, which is left exposed to fire from the burning of the contents 
of the room below. Fig. 210 is a similar form of construction in 
\^hich a corrugated-steel arch replaces the brick arch. This partial 
protection is of some value, but it is so easy under present methods 
to get complete protection that these forms are no longer used. 

On the other Imnd, a building having no ctjmbustible material 








CORRUOATED IROti AR£i COflSTRUCVOfl 

Fig 210. CorrugftUid Iron ami CoiicrcW Arrh Conrtiuctioii Showing 
luaufficiont PmUfCtion for i-Dennui 


in its construction or contents, and having no external hazard, need 
not have its steel framework fireproofed. A foundry building or a 
machine shop may be such a case. 

Standard Specifications. Steel to be really fireproofefi must be 
entirdiy encased in a fireproof material. The material must be 
such that it will conduct heat very slowly and that it will maintain 
its integrity when subjected to a fire of the greatest instensity and 
longest duration likdy to occur, and when subjected to a stream of 
wat^ from a fire hose while at its maximum heat. 

Tlie ''Standard Test for Fireproof Floor Construction” adopted 
by the American Society for Testing Matmvals* requires: 

- •ll .l. | l . . y , 

SMlatgr tor Tearing M»r«ri*ia. Sdgtr Mafbwg, BaoinUiy, Uniwerrtty of Pnai’ 
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’'\o pluMtiTiiiK Hhttll |^> iipittifnl to lh<‘ uiuli^rHid** «>f the floor ronivt.rurtioo 

imdiT l*'Nt , 

“'nx* floor Mhall Vm‘ Mubjtxrttil f<jr hiiir hoiirH to the 0<jntinuoUB heat of a 6re 
of all averunt* rat iir«' of not th>u> 17(K)” I y the fuel iMnna eilhfT 

wockI tir (CUM, MO iiitnHlui-ed as to an even disfTihiition of hea-l IhrouRhout 

ll»* tf'st HtriK f lire 

‘‘The hi'jxt ohtiiiix'd shall Ik* iiieaHuns] hy means of Htandard pyioinetera, 
iimler the direction of an < vjwrierKssl jx'rson The lyiie of pyrometer is iiniuiiter- 
lal HO long SIM Hn sKcuracv ih Hccnied f)y piojx r Htandardi/atioii The hi’at 
Hlioiild 1m* riesisurisl ut not, Ic-h ihiiii two points when the tiuim floor spun is not 
more than 10 f«et and one additional fMiiiit wlnii it e\<ieds 10 f<s't Temijera- 
tiiie nwlitigH ut etuh point sir*- to||b<' taken enrv thr'C minutes The heat 
d* 1< riniiisilion shall Im* made jit jxniitH dinetK Ix-neath the Ihuir so sis to Memin* 
SI f ,'r su era;'*- 

"At the < till ol the hi-a1 test a stieniii of wulir shsill h** rliivrtt-tl sigaiiiHt the 
underside of tl-i* flooi. dis(h-irn«d lliioin’h a ] i-ineh no/yle, iM ing lield tit nion* 
than d h el fioin tiie firiiiii: dinii dm mg th< 'ijiplu at son of the water ” 


Maleristl windi t\ill vitlistaiHl tins lest is siiitalile for lin‘proofinff 
htt'cl i*i SI \ part of si hnihlit'fr 

Fireproof Materials. Cimhr ('onrrefr. (’iiuler eotuTeto lias 
Im'OSi usc*<1 extensivelt for fin'proofiiiK Imt it is not siltoj't'tlicr satis¬ 
factory. It is tlifliciilt to fret <-ln(lers fr<‘e from unhnrnwl coal, 
ashes, and refuse. Sulphur in the cin<h*rs causes rusting of the 
stt'el. Its list* is not warrsinted on first-class \\ oh. • 

Portland (\’merit (’oiherite. I’orthiiul c<*nient concrete, made 
of crushed stone or gru\el, is an excellent fireproofing msitorial. It 
lisi.s the necessary resistance to fire and iiater, presents ru.sting of 
the steel, and in many situtiRons adds to the strengtli of the steel 
incinlier. If its surface is left rough or is roughened after the 
forms are removed, plaster will stick to it. 

When subjected to a fire, the concrete is damagwl. The depth 
of the injury ma\ be as much as inches, dejiending on the qualit.i’ 
of the t'OTicretc and the kind of stone use<l in it. Tlic l>etter tiie 
conAete, the less it is injurecl by the heat. Heat calcines limestone 
and disintegrates granite, so that these stones are not aa suitable 
for fireproofing purposes as hard sandstones, tmp, an«i other stones 
not so easily affected by beat. An excellent concrete for fireproc^ng 
can be ma<ie from crushed tile and bride. On buildings w:here tUe 
is used for floor arches and partitions, tlie bT«>keii pieces can Ire 
crushetl and* used for fireproofing the columns and any other mem* 
liers not protected by tlfie tile floor arches. 
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Concrete which has been damagrti by hrc does not lose its 
property of non-t'onduetivit>', «'»n»eque!itl,\ it is efficient as fire¬ 
proofing so long as it remains in place; although it lias lost its 
strength, it usually will rt^iuaiu in place until reintned by some nie- 
’ chanieal means, as the uppliciitiou of a stream of water. After a 
fire, the damagtsl cswicrete must lx* remo\ed and rc'pluced. 

CoiRTete is placed around steed by building forms around the 
members and pouring <*onorcte into them, Fig. 211. AVirc mesh or 
expanded ipetal should be atta(*hc|jl to the bottom llauges of Ix'anis 
and "wrapped around columns to provide a mechanical bond for the 
concrete .so tha± it a ill not fall oil' during or after a fire. 



Jlolltm Tilf. Hollow tile moleksl from clay and bakesl at a 
high tcmixrature. The clay use*d innst b<- ‘'iich that it will not 
warp, or fuse in the kiln. It is dcMrable that the tile be jxirous and 
toi^'h rather than dense and brittle. The tile* is made porous by 
mixing sawdust \^ith the e*lay. This burns out during the baking, 
leaving voids and prexlucing the desired {xirosily. Dense* tile and 
tile "which is glaml is likely to shatter, if expe>sed to a stre*am of 
water when hot, thus making it useless for fire pniteetiou; further¬ 
more, plaster d<x?8 ii<»t adhere to it as well as to peerous tile. 

The tile is made hollow to save w'eight, and to pn»vide air 
spaces w'hich are insulators against both heat and moisture. 

This material is molded into a great variety of shapes to suit 
the various requirements of the steel members to be proteettxl. 
Certiun shapes are practically standarri; special shapes (*an he hae^l 
only when required in large quantity. 

' Fig^. 212, 213, 214, and 215 show a number of illustrations pf 
fir^rdofing of joists, girders, spandrels, and columns. Tlie 
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joists are usually fireproofed by the skewbacks of the floor ardb^ 
On other members the tile serves only for fireproofing and idf fumish- 




Fic 212 Aft tluoi of rirciirtMifittix JoistM it> Ounnoction with Flat Tile Floor Areh , 


ing a surface for plastering. It can be usetl for fireproofing steel 
memliers in almost any situation. 

Tile is set in mortar in the same manner as bricks are laid. 
Any space between the tile and the steel should be filled with Port¬ 



land oement^mortar. A heavy layer of morttf should be plasU^ 
on the webs ni beams biy^Bie setting skewbacks or other tiles agatnsl 
tham^j> 
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Fircproofinp; tile must be designed to be securely supported by 
the steel. Steel dips or wire must be used in some situations. 
Thu.s the column casing should be held in place by copper wire 
bands unless it is 8t‘eurely held by interlocking of the tile, Soffit 
tile on joists and girders reejuire metal dips or woven wire fabric to 
hold them i|| place even though they appear to have support from 
shw tile or other adjacent members. • 

Tile has considerable strength in compression ami may be so 
used, but should not l>e subjected to other stresses. 

liru-k. Brick inasonrj’ is an excellent fireproofing material so 
fur as its resistance to heat is concerned. Howeverjiit is not easily 



Fik 215 H(‘( tuius^j^owiiiK MfthiMi of nniircHiriiiK Columns with Tilt* And Conointe 


supportt'd and, therefore, is not generuRy available for this purpose 
fui beams, but in some ca^es it can lie usc<l to gootl advantage for 
encasing columns. * 

Selection of Fireproofing. Portland cement eoncrete and hollow * 
tile are the mairrials lH\st siiitctl for fireproofing. Both arc effident 
fur this purjKise. The choic*e l>etweoii them is usually governed 
hy other considerations, chief of which is the type of floor construc¬ 
tion, which in thm may be determined by cost or some other con¬ 
sideration. If the floor is to be of reinforced concrete, concrete udll 
be tLs«d for fireproofing the steel framework. If the floor is to be of 
tile arch cx^nstruction, that material wUl be used for fireproofing; 
Hut cve*ii in this case concrete can be used advantageously for the 
columns. 

Thideness of Fireproofing. The thideness of the eov^ing 
fequiretl^ to furnish the tfesired protection varies with the situatioii 
and the importance of the member. Columi^ being vital to the, 
- support of the building af#given the most protection. linteU amd 
Upaildr# Orders aie subject to sev^ eiqposure and are g^vplt about 
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same protection as coliunns. Joists and ^ri;)er3 are loea] mem* ^ 
bers and not so heavily fireprodfed. Hie top flanges of bemns and 
gnders do not need as mudi protecticm as the bottom flanges. 

4 The requirements in Chicago are:* 

* Cotumns—Exterior, (a) AU ircm or stoel used vertical supporting 

, manbeisof theeztmial oonstniotioa of any building exoetMling fifty feet in height 
ahsJl be prctecied against the effects of external dbange of temperature and of , 
fire by a coining of fireproof material consisting of at least four mch<» d brick, 
lufilow terra cotta, concrete, burnt day tilesi or of a combination of any two of 
these materials, provided that thdr combined thickneBS is not ktss t^n four 
indies. The distiuioe of the extreme projection of the metal, where such metal 
projects beyond the face of the column, shall be not less than two inches from the 
face of the fireproofing; provided, that the inner side of exterior columns shall be, 
fireproofed as hereafter required for interior columns. 

(b) Where stone or other incombustible material not of'the typo defined 
in this ordinance as fireproof material is used for the exterior facing of a budding, 
the distance between the back of the facing and the extreme projection of the 
metal of the column proper shall be at least two inches, and the intervening 
space diall be filled adth one of the fireproof materials. 

(c) Xn all cases, the bride, burnt day, tile, or terra cotta, if used as a ftn*- 
proof covering, shall be bedded in cement mortar close up to the iron or 1 
members, and all joints shall be made full and solid. 

Columns—Interior, (a) CJoveiing of interior columns shall consist of 
one or more of the fireproof materials herein described, g, 

(b) If such covering is of brick it shall be not less than four inches thick; 
if of concrete, not less than three inches thick; if of burnt day tile, such covering 
diall be in two consecutive lasrers, each not less than two inclwHi thick, each 
having one air space of not less than one-half inch, apd In no such burnt day tile 
shall the burnt day be less than five-ei^ths of an inch thick; or if of porous day 
solid tiles, it dull consist of at least two consecutive layers, each not less than 
two inches thick; or if constituted of a combination of any two of these materials, 
onedialf of the total thickness required for each/if the roat4‘Tial8 shall bo applied, 
pmvkied that if concrete is used for such layer it shdl not be less than two inches 
thick. 

(c) In tlu case of columns having an "H" shaped cross section or of 
Oohinms having afiy oth<7 cross section with channels or chases open from base 
plates to cap plates on one or more sides of the columns, then the thickness of 
the firepRxrf covering may be reduced to two and one-half inches, measuring 
in the diroetion in which the flange or flanges project, and provided that the 
thka edge in the projecting flange or anns of the crotw sections does not exceed 
|l|M»><piarters of an inch in thtdenees. The thidtness of the fireproof covering 
m ifl ga«iscea,^|M!iduringin^ threcHpurters of an inch wide and measur- 
jbig' to It dheCtioa peqpeodicdbr to such surfaces shdl bo not less than that 

for interior coltunns in the b^^nning of this sectiim, and spaces, 

' <ihaiHieto or duses b e t w e e n the fir^noof covering spd the metol of 

be fiSed solid trith fheproof material. Lattice or othor open’ ' 
' itiaife 'be eomidst^ flttdd with approved ceni^i ttuncrete. 

Ig nw G$tr a< ClltiNWA.M MlMd«d Vcb. HO, 1011. 
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Column*—Wiring; Clay Tile On. (a) Burnt clay tile colnmit coming 
diall be aeriired by winding wire around the oolUnns after the tile has all beoi 
set around such columns. The wire shall be securely wound around tile in euch 
manner that every tile is crossed at least once by a wire. If iron or steel wireis 
used it shall be gaivanieod and no wine used ihall bo less than number twelve 
gage. **»••••• 

Pipes Enclosed by Covering, (a) Pipes sludl not be micloBcd in the fire¬ 
proofing of columns or in the fircproi^fing of other structural members of any 
firc>pruof building; provided, however, gas or electric light conduits nJl^exccediug 
one inch diameter may be inserted in the outer three-fourths inch of tlie fin'- 
proohng of such structural member, where such fireproofing is entirely composed 
of concrete. 

(b) Pifsw or conduits-may rest upon the tops of the steel floor beams or 
girders, provided they are imbedded in cindiv concrete to which slaked lime 
ec|iinl 1o five piT cent of the volume of concrete has bt-en added before mixing 
»or their being inibedded in stone concrete. 

Spandrel Beams, Girders, Lintels. The metal of the ext^'nor side of the 
spaixln'l betuns or spaiuln'l girders of exterior walls, or hntels of extenor walls, 
which support a part of <*xterior walls, shall he coveml in the same manner, and 
with ihc same inaterinl as siiecifieil for the extenor columns in this cliapter, 
[iKivulixl, liowev<‘r, that shelf angles connected to girders by brackets or pro- 
jiTlions of girder flanges not figunnl as port of the flange section may come 
within t wo inches of the face of the bn:^ or other covering of such' spandrel 
beams, gmiers, or lint^s. Tlie coitring thickness shall be measured from the 
extnune projection of tnc metal in ev4*ry case. 

Beams, Girders and Trusses—Coverings of. (a) Hie metal beams, 
girders, and trusses of the intenor structural parts of a building shall be covered 
by one of the firepnxif materials hereinU’foro siweified, so applied as to be sup- 
porti'd entirely by the beam or girder protected, and shall be held in place by 
the support of the flanges of sucli beams or (prders and by the cemejit morteu 
usixl in 

(b) If the covering is of brick, it shall lie not than four inches thiok: 
if of hollow tiles or if of solid fiorous tiles or if of ienra cotta, such tika shall be 
not less than two inches thick, applieil to the metal in a bed of cement mortar; 
hollow tihw shall be constructed in such a manner that there shall be one air 
MiwuMj of at least tlire<*-fourth8 of sn inch by the width of the metal surface to be 
coveied within such clay covenngs; the tninimum Ihidcness of concrete on the 
bottom Ind sides of metal dioU bo two inches. ' 

(c) Tlio top of all beams, girders, and trusses i^all be protected with not 
less tlisn two inches of concrete or one inch of burnt clay bedded solid on the 
metal in cement mortar. 

(d) ^' In all oases beams, girders, or tnumes, m foefo or flooss, 
teotion of the bottom flanges pf tbe beams and latden and as much of the web 
of the anujU^aii h not covered bjrthe arches shall he mide ashereuihelicne ^pedlBed 
for the Covering ^beams and girders. In every case the tMdcytohiof tbsoov<^ 

^ hig riiall he meacroed from tlw extreme prpiecrion of the metal, and the enth^ 

' spaeeor qiacCe between tlfS cotMfteg and ^ metal shdl be fi0ed solid cUm 
| jl UkO ilrs|^pocrf materials, exo^ding the air apaoes in hoSow tBe. 
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(r) Provktody however, nil girdm or truoKw when eupporting loatle 
from more than one story be fireproofed with two thiefcpeam of firefHixrf 
material or « «cM»dfination of two fireproof materials as required for exterior 
etdimmsj and eardi covering erf fireproof material shatt be bedded stdid in cenieat 
nxfftar. 

Fireproofing of Exterior Sides of Mulllons. In buildinmi required by this 
chiqiteT to be (rf firepiroof ccnurtruction on exposunw where melal fromest doors» 
Hash, and wire ifiaas are not required, all vertical door or window muJlions over 
ei|d>t inchUi wide shall be faced with inoombustible material, and horisontal 
transom bars over six inches wide ritall be faced with a fireproof or with an incom¬ 
bustible material. 

Iron or Steel Plates for Support of Wall. Where iron or steid plates or 
angles arc used in each story for the suppiort of the facings of tlic aralls of such 
story, such plates or anises shfdl be of sufficient strength to carry the w<‘ight 
within the limits of fiber stress for iron and steel elsewhere specified in this 
chapter of the enveloping material for such story, and such plates or angles ma/ 
extend to Within two inehes of the extenor of such covering. 


SPECIFICATIONS 

Purpose. The purpose of specifications is to give a detailed 
description of such features of the work as can thus be given more 
clearly or be more easily defined than on drawings. They must 
coigperate with and supplement the drawings, hut .should not repeat 
the data given on the drawings, for every repetition is an addetl 
opportunity for conflict or error. 

In addition to the technical requiretnents referred to above, 
the^ spedficatioiis usually include certain items more related to the 
business tran^urtion between the purchaser and the contractor. 

The specificatlbns prepared by the designer are to he used for 
the giudance of the contractor in estimating the value of the work, 
of the mill in rolling the steel, of the engineer in preparing working 
drawings, and of the fabricating shop in manufacturing the nii|terial. 
These purposes should be kept in mind in writing specifications. 

The relation of iJie specifications to the contract should be 
eiearty understood. In all cases the spedfications fliould be made 
a part of the ccmtract and they are then just as binding as if written 
hoto the contract. This indicates the importance of having them 
eorteetily wrkt^ A# far as practicable, items in the spegifications 
ihould not be repeated |n ^ contract and» on the otffer band,items 
which behmg In the contract ihould not be the specifica^iosa^ 
M eodk repethidns lead to cdnflicthig cur ambiguous proytsions. ^ 
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GENERAL CHARACTERISTICS 


A number of proposed standard specifications for stmctvtind 
steel have been published. Usually their purpose is more for the 
guidance of the designer than of the contractor. Some of them 
cover both purposes quite fully. Such a one is “Revised General 
Specifications for Structural Work for Buildings*’ by C. C. Schneider, 
M. Am. Soc., C. E., published in the Tranmctvona of ihMAmeriean 
Society of Civil Engineers, Vol. LIV, page 490. This is referred to 
as Schneider's Specifications. It can be used in whole or in part 
in making up specifications for a particular work. It is published 
and for sale by the Engineering News Publishing Company, so that 
copies are readily available. Consequently, in using the specifi¬ 
cations, the parts desired need not be copied but can be referred to 
by subject and paragraph number. Considerable portions are 
quoted in the specifications given later. 

When such general specifications are used, they must be supple¬ 
mented to provide for tlie special requirements of the work and for 
the business features bt-fore mentioned. 

Outline for Specifications. Complete specifications should 
include the following subjects; 


Instructions to Bidders 
(Jeneral Comlitions 
Scope of Work 
lx>ads 

Unit Stresses 


Quality of Materials 
Details of Construction 
Workmanship 
Painting 
Inspection 
Erection * 


Instructions io Bidders. This is entirely a business feature and 
mayj>e made a separate document from the specifications. But if 
S 0 | if |hould accompany the specifications which are sent to bhlders. 
As the instructions may contain items which might latf»: affect the 
ittterpretation»of the contract, it is best that they be included in 
the specifications and thus, automatically, become a part of fhe 
contract. 

T1||^ instructions give the tinm and place lor enibmitdng bids, 
the pri|» basis, and any other directions pertinent to the esm in 
hand, hfiddem may be r|g|pf«d to fltnte the length 
^y ^m, if thb will be a (M^nsideiiation in letting the ecmixaet. 



Bite/ ooariTHtJcnoN 


8S1 


General Condiiwn*. The general conditions have no very 
dkeet rdation to the tedinic^id requirements but are more clearly 
business features. They cover such items as bonds, liability insur¬ 
ance, watchman service, etc. 

Scfype of Work. This section of the specifications is devoted to 
the particular work under consid«*ation and should be roost care¬ 
fully stated, for it governs the amounts of material and service to 
be furnished. The paragraphs should cover the following items: 

(a) Describe definitely the work included. IfLseparate draw- ^ 
ings are made for the structural steel and show completely all the 
material to be furnished, the work may be so described. But if 
the structural steel is shown on drawings with other materials, 
particularly ornamental or miscellaneous iron, then the description 
must be given in sufficient detail to make it perfectly clear. It must 
be understood tliat the term “.structural steel” is not definite enough 
to be used without such a description as requiretl above, for struc¬ 
tural shapes may be used in stair construction, for furring, for wiu* 
dow frames, and in other situations, when it is derirable that such 
items be fbmished by other contractors. Cast-iron pcdastals for 
steil columns and cast-ifon columns, if used, are usually fhcluded in 
the conftact with the structural steel. 

(b) Identify the drawings involved by numbers and dates. 

(c) State the place of delivery if erection is not included, and 
specify by whom transportation charges are to be paid. 

(d) Give requirements as to working drawings. 

Loads. It is desirable that the lodtls u.sed in making the design 
be given in the specifications or marked on the drawings. The 
latter method is pit;ferahle for special loads, such as machinery, 
tanhs, storage spax^e, etc. Tliis information is needed in cMUyiing 
connections, stiffeners, etc. It is not sufficient to say that con¬ 
nections shall develop the full strength of the member, for there may 
be situations when a concentrated load near the end of a beam may 
^ psoduoe a strera at the connection greater than would lie produced 
a wntfonaly distributed load. 

UnU Siresaet. Hie unit stresses conltni the design of the 
stnictiiral sted more than they do tiie manufacture atid construction 
af it« Hawever, th^ aie needed in making the working drawini^ 
Ims hiduded in the spedfications. 'Those given in Schnel- 

m 



352 


STEEL CONSTRUCTiBN 


cler’a Spc'cifications should Iw used unless hwal building ofdinaiices 
require other values’. 

QxuilUy of Material, The quality of material to be used is disr 
cussed at length on p. 42. The specifications of the American 
So<’iety for Testing Materials are recommended for general use. 
They need not be written into the specifications, it being sufficient 
to state that the steel shall comply M'ith the “Standard Specifications 
for Structural Steel for Buildings”, adopted by the American Society 
for Testing Materials. Similarly, the quality of cast iron may be 
specifieil. 

In this section the kind and quality of paint Should be given, 

Detaila of ConatrudioTi. This section of the specifications is 
concerned with such items as connections, rivet spacing, etc. It is 
chiefly to guide the engineers and draftsmen in making working 
(Irawings. Design drawings .should be consistent wdth its provisions. 

Schneider’s Sp<‘<‘ifications are rwommended for this portion of 
the sj^ecifications. They may be used by n-fercnce, sayiag that the 
details of construction should conform to Schneider’s Specifications 
in s(» far as they apply to this work; or the spe‘cific paragitphs which 
do apply may be referred to by number. * ♦ 

Workmamhij/. The spt*cific?ations for w’orkmanship govern the 
ojierations in the shop. Schneider’s Sfiecifications are recom- 
mendeii and may be u.sed the same as for construction details. 

Painting. TIu.h is well covered by Schneider’s Specifications, 
w'hic’h may be used without modific-ation unless some special jwo- 
vision is to l)e inserted. 

_ t, 

Inayection and Testa. Schneider’s Specifications are used for 
this part of the work w ithout change, 

* wtion. The siiecifications for erection must deal with the 
job. How ever, some of its prov Isions are general. 

The conditions at the site, the relations to the other parts of the 
structure, order of procedure, storage'available, etc., etc., must be 
written to suit each case. If the contract for erection is separate 
from, the contract for furtiLshing the steel, the divisimi bt^een 
them must be dearlyiSefiited. This division is usually made 
at the place where the material is delivered on board cars. 

' Quality of workmauidiip of ereettop ap^dies generally to i& 
st^tippes. 



STEEL CONSTRUCJTION 


35S 


EXAMPLE OF SPECIFICATIONS 

llie following specifications Record with the preceding discua- 
Bions and may be used as a guide in writing specifications for a par- 
** ticular structure. 


SPECIFICATIONS 
for the 

Structural Steel and Iron 
for a 

(Kind of Building) 
for 

(Owner) 


Instn^ions to Bidders. Bids will be received for the struc¬ 
tural steel i^nd iron work required for (kind of building) located at 

. . . Street, in the City of 

.-.for the (owner) 

in accordance with' the following specifications and the plans des¬ 
cribed therrin. • . 

Bids must be filed at the office of. 

Architect, on or before noon,.19. 

Bidders shall state a lump sum which shall include furnishing, 
delivering, and erecting the structural steel and iron work and shall 
also include the cost of the bond, insurance, and watch service as 
required under general conditions. 


General Conditions. 

OumerBhip. The budding is known as the-Build- 

bg and b owned by the------—[a partnership (or 

ooiporation) exbring under the laws of the State of...I 

loearibA. It b located at--— '.... 

Steeb; in the CSty of-..on lots.(give 

bgaldeseription). * 

* fimi» ^ The ^ntiactor shall furnbh surety bond in the penil 
amn^ Oioedbalf contract price, gumantedng the fulfifiment of 













354 


STEEL CONSTRUCTION 


the terms of the contract. Said' bond shall be in terms and ^ith, 
surety satisfactory to the Architect. 

Liability Irmtrdnce. The contractor shall protect the owner 
against loss due to any damage to property or injury to persons 
which may result from his operations. He shall provide adequate 
liability insurance in a company approved by the Architect. 

Paienied Articles. The contractor shall protect the owner 
against any claim arising out of the use of any patented article, 
appliance, or method. 

Protection. The contractor shall provide such barricades, 
scaffolding, sta^ng, and other means of protection as may be re¬ 
quired to comply with the state and municipal laws and to ade¬ 
quately safeguard property and persons. 

Watchmen. The contractor shall keep competent watchmen on 
the building day and night. 

Scope. [Give a general description similar to the following: 
The building is designed for office purposes with stores on the first 
and second floors. It is twenty stories high above street level with 
a basement and sub-basement l>elow street level. The ground ar^i 
occupied is approximately 100 feet by 162 feet.] 

Work C<mred. The work to be done under the specifications is 
the furnishing and tlie erecting of the structural steel and iron work. 
The contractor shall make the working drawings, furnish and fabri¬ 
cate the material, pay all transportation charges, assemble the 
material in pdace in the building, rivet the connecticHis, and furnish 
the materials and labor for shop and field painring. 

Materials Inchtded. The structural steel and iron Work 
co of the following items: (To be changed to suit thcs 
ca: 

Grillage Beams and Girders 
Gast-Iron Pedestals 

I-Beam Reinforcement in Retaining Walls 

Structural Steel Framework 

('ast-lron Columns 

Detacbed^ntels 

Cornice Bracldits 

RogfingTees 

Sted Chimn^ . 

All ihhior parts bdon^ng to the a^ve Rems 
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It all Uie material of tbe above dbaraeter diowii mtba 

structural plans of tlte building and, in addition, it iududes the 
deta<!!hed ^Kntels over exterior windows which are shown <m 
architectural plans. 

Materials Not Included, The structural steel and iron work 
(to be changed to suit the case) does not include the angles, channdbs/ 
and hangers of the suspended ceiling over the top story, the elevator 
sheave beams, the beams and channels for the*atairs other than those 
shown on the framing plans, the marquise framing, the steel column 
guards and door guards in the shipping r()o&i, and other like items 
shown on the architectural plans. It does not include the rods for 
reinforced concrete work shown on the structural plans except cef* 
tain items which are definitely marked on the drawings to be fur^ 
nished W'ith the structural steel. 

Plans, The structiiral plans consist of drawings prepared by 

.4.... Structural Engineer for 

.Architect, as follows: 

(Give list (»f drawings) ^ 


The architectural plans prepared by. 

Architect, which show structural steel and iron work not given on 
the structural plans are drawings No.. 

\Miile making the working draw ing#, i!ie contractor shall con¬ 
sult all architectural drawings which may be supplied to him, for 
the purpose of discovering disc^pancies, making necessary allow¬ 
ances for dearance, providing conn^ions and supports for other 
materials, etc. 

When provision must be made for attaching other m^t^jkls to 
the structural steel work, the contractor shall funii.sh th^ioles 
required. If the necessary data are not given on the structural or 
architectural drawings, he shall apply to the Architect for the data 
before comfdeting the working drairi^gll. Ihis applies particularly 
to atone, terra cotta, concrete, misc^Uhneous iron, ornamental iron, 
furring t'^npd and sted), pipes, tuid omiduits. 

W(efhm0 Drawings, The contractor is required to prepare 
wq|]|dng drawings to supplement the design drawings prepared W 
theEn^neer and the Architect Two copies of such drawings idadl 


m 
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be submitted to the Architect for approval. After approval^ three 
copies shall be furnished to the Arehitec't for his files, and as many 
^copies as may be required shall be furnishe<l to the inspector and to 
other trades. 

Copies or prints of drawings issue<l before approval shall be 
marked “Not Approved” and those issued after approval shall be 
marked “Approved Drawing.” During the preparation of the 
working drawings, the contractor shall examine the design drawings 
carefully for omissions and errors, and when such omissions and 
errors are discovered, he shall submit them to the Architect for 
correction. Figure*! dimensions only shall be u.sed. 

If the contractor does not ha^'e a force of engineers comjjetent 
to prepare working drawings to the satisfaction of the Architect, he 
shall employ a consulting engineer for that purpose. 

Working drawings shall be accompaped by erection diagrams 
and a complete index giving marking numbers of the material and 
page or sheet numl)crs of the drawings. 

ji^pproml of Working Drairings, If the working drawings are 
found to be consistent with the design drawings and these specifica¬ 
tions, and if the details shown on them are satisfactory, they will be 
approved. One copy so marked will be returned to the contractor. 
If not consistent and satisfactory as above, one copy will be markefl 
to indicate the required changes ant! returned to the contractor, 
who shall then make the required changes, and if so ordered, shall 
submit copies of revised drawings for final approval. 

The Architect’s approval will cover the arrangement of the 
principal members and auxiliarj' members, and the strength of con¬ 
nections. At the same time an effort will be made to discover any 
erro|&in^sizes of material, in general dimensions, 'and in detail dimen- 
sion^but the responsibility for these items shall remain with the 
contractor. 

The manufacturing of any material or the performing of any 
work before approval of working drawings will be entirely at the 
risk of the contractor. * 

Tranjiporiaiiorn. The eontractor shall pay all costs of transpor* 
talion of material from his shop to the building site andTsip!! aspnne 
all riidc of io» aod damage in transit. 

IxMuls. The structiurabateel and iron work is de8%ned;tia.ai^* 
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piwt the estimated dead loads and the assumed live kmds. In 
making the working drawings, the contractor shall demgn all ccm- 
nectioDs to carry the same loads. ^ 

The dead loads are the actual weights of all materials of oo)^ 
struction in the positions which they occupy, except that the ^fect 
of movable partitions may be assumed to be equivalent to a uni* 
formly distributed load of 25 pounds per square foot of fltMW on all 
office floors. On other floors and along corridors, the partitions 
shall be provided for where they occur. 

The live loads for which this structure is designed are: 


(Subject to change) 


lbK>f 

Offic’e flcx>r 
Second floor 
First floor' 
Sidewalk 
Wagon spaetj and 
shipping room 


60 lb. per sq. ft. 
50 lb. per sq. ft. 
100 lb. per sq. ft. 
125 lb. p<!r sq. ft. 
150 lb. p<?r .sq. ft. 

250 lb. per sq. ft. 


The special loads from elevators, tanks, etc., al'e marked on the 
drawings. 

The framework is designed for a wind pressure of 20 pound.H per 
square foot applied horizontally to the vertical projection of the 
building in any direction. 

Where stresses are marked on the drawings, they may be used 
as the full effect of the loads. 

Beams and girders shall have their connections made strong 
enough to develop the full capacity of the members when they are 
uniformly loaded, even when the live and dead loads are less than 
this capacity. f 

Unit Stresses. The design is based on the unit stresses given 
in Schnader's Specifications, * paragraph.s 19 to 34 inclusive. These 
unit stresses shall be used in proportioning the details.' 


Steel 

. Siraimt, All parts of the struciarB ^all be proportkmedi 

so thot the stmt o( the dead and live loads, tofsethor with the impaet, il any, 
dutll not caWK the strains to excsccd those given in the following table: 


'* for StnuKtuml Work for Bfoldfos*" by C. C. Soknekler. M. An* 

«oe. 4». C. M., Vot bit, 41M. 


S7B 
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Pmindbpei' 

, square indi 

Tension, net section. 16,000 

Direct compression.16,000 

Shear, on rivets and pins . ., .12,000 

Shear, on bolts and field nvets.., .... .. 9,000 

Shear, on platt^rder web (cross section) .10,000 

Beannc pressure, on pins and rivets .24,000 

Bearinc pressure, on bolts and field nvets.... 18,000 

Fiber strain, on pins. .. .... 24,000 

PcrmtHHibh Cmipreamni Strains. For eomitression memlnTs, the 
permissible strain of 16,000 lb. per sq. in. sliall be reduced by the following 
formula: 

p = 16,000 - 70-^ 

When*, p = ]X'nni8.sibk‘ working strnin i>er square inch in coinim^ssion; 

I »> length of piece, in inches, from center to center of connections; 
r »» least radius of gyration of the section, in inches. 

S!t. For wind bracing, and the combined strains due to wind and the 
other loading, the, permissible working strains may be increased 26%, or to 
20,000 lb. for direct, compression or tension. 

Prwmon for Eccentric Loading. In proportioning columns, provision 
must lie made for eccentric loading. 

SS. Exjmmion^HoUcra. The presaure p<*r linear inch on expansion rollers 
shall not exciK^l 600 d, where d «=• diameter of rollers, in inches. 

$4 Combined Strains. Meinbi’rs subject to the action of both axial and 
liendmg strains shall be pro{>ortK>ned so that the greatest filx'T strain will not 
-t'xceod the allowed liiiMts for the axial tension or compft'ssion in that member. 

Sfi. Reivrml of Strains. Members subject to rt'vcrsal of strains shall be 
pn>|iortioni>d for the strain giving the largest section, but their connections shall 
Ix' proportioned for the sum of the strains 

S({. Nfi Sections. Net sections must bo used in calculating tension mem¬ 
bers, and m deducting the nvet holes; they must be taken i in. larger than the 
nominal size of the rivets. 

S7. Pin-connoctod riveted tension members shall have a net section 
through the pin holes 25% in excess of the net section of the body of the member. 
The net section back of the pin hole shall be at least 0.76 of the net section through 
the pin hole. 

Sd. Compressum Members Limiting Length. No tiompresnon memhee 
shall have adength exceeding 12.6 times its least, radius of gyration, except those 
for wind and lati^ral bracing, which may have a length not exceeding 160 times 
the least radius of gyration. 

99. PbtUi Girders, plate fprders shall be proportkmed on the aiiitRqpitkin' 
that onoxugfath of the gross area of the web is available as IBange axes. TIms 
coaqmcsvmi flange shall have at jesst the same sectional area ae tlm tiiQtdoO 
flange, but the unsoppmted length ^tbe flange shaQ not exceed 16 
‘ 60. In plate girders used as crane runways, if the unsupported 
tpompie^sidlh flange exceeds 12 fimes its .width, the flange ifliiA be «• 
% dtiliinm between the pomu of support, 
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Si, TTeft Stiffemr$, The web diall have stiffoneiiit at eiM]« Mid iniiar 
edgm oi bearing plates, and at all points*of oono^trated loads, and iilso at' 
lateniKKhate points, when the thickness of the web is less than one-aiartieth of 
the unsupiMHted distance between flange angles, gencially not farther apart than 
the depth <rf tiie full web plate, with a minimum limit of 6 fwt. 

Si. Rolled Beams. I-beams, and channels used as beams or girders, shidi 
be proportioned by their :iponHmts of inertia. 

SS, Limiting Depth of Beam* and Qirdere. The depth of rolled beams in 
floors shall be not less than one<-tweniieth of the span and, If used as roof purlins, 
not less than one-thirtieth of the B{>an. 

In case of floors subject to shocks and vibrations, the depth of beauis and 
girders shall be limited to one-fifteenth of the span. If shallower beams tun 
used, the sectional area shall be increased until the maximum deflection is not 
greater than that of a beam having a depth of one-fifteenth of the span, but the 
depth of such beams shall in no cose be less than one-twentieth of the span. 

Cast Iron 

34. Permissible Strains. Compression . 12,(XX) lb per sq. in. 

Tension.2,.')()0 “ '* " " 

Shear. .1,.'KX).. 

Quality of Materials. SireJ. The structural steel shapes, 
plates, and rivets shall conform to the Standard Specifications for 
Structural Steel for Buildings adopted by the American Soci^y for 
Testing Materials*, as follows: 

' SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINOS 

Structural steel may be made by either the open-hearth or Ressemer 
process. 

Rivet steel and plate or^^aafflc material ^ver } inch thick, which is to be 
punched, shall be mode by the open-hearth ptof'.e< s 

T'he chemical and physical properties shall conform to the limits shown in 
the tabular matter on the following page. 

For the purposes of these specifications, the yield {xtiiit shall b(; determined 
by the careful observation of the drop oft^he beam or halt in the gage of the 
t^ing machine. 

In cudor to determine if the material conforms to the chemical limitations 
fnescribed •♦*•••* analysis stlkll be made by the manufacturer 
from a test ingot taken at the time of the pouting of each melt or blow of steel, 
and a ccuroot copy of such analyris furniihed to the engineer or his inspector. 

Specimens for tensile and bending tests shall be made by cutting cmipons 
fniiD>.the finished product, which shidl have both faces rolled and both edges 
mSied tp the ferm shown by Fiff. I (see Fig, 46); or with both edges parallel; or 
they may ^ turned to a diameter of f inch f«ir a length of at least 0 inches, 
with enho]^ ends. 

. (a) For material more than } Inch thick the bending test, specimen may be 
1 inch ^ I indi in section, ^ 

Of) Rivet rounds apd nnall roiled bars riudl be tes^ as roBed. 

* a w rie»a for tWtOf B S s Usti li. Bags* MstWs. Ssentarr. Unlrwaty of 


m 





360 


STEEL CONSTRUCTION 


Properties of Structurmi Steel 
t _ 


ftoiierties Considered 

Structural Sidel 

Rivet Steel. Open 
Hearth 

PhoMtihorus, max , Bessemer. 

Phosphorus, max, open hearth .... . 

0.10 cent 

0.06 per cent 

0.06 per cent 

rit. tcnfflle strength, pounds per sq. in. 

.55,000-65,000 

48,000-68,000 

Yield iK)int. ... 

i lilt. tens, str 

i Ult. tens. str. 

Elongation, min. per cent in 8 in 

1,400,000 

I'It. tens, str 

1,400,000 
lilt. tens. sir. 

(’haracter of fraiiture. 

Silky 

Silky 

(’old Irt'iid without, fracture .. 

ISO" to diameter 
of 1 thickness 

1?«)® flat 


Material which is to be used without annealing or further treatment shall 
be tested in the condition in which it comes from the rolls. When mltenal is to 
be annealed or otherwise treati*d before use, the specimens for t<‘nsile ti'sts, 
repn'Senlmg such material, shall be cut from properly annealed or rimilarly 
treated short lengths of the full section of the bar. 

At least one tensile and one bending test shall be mode from each melt or 
blow of steel as rolled. In case stwl diffenng f inch and more in thickness is 
rolled from one melt or blow, a test shall be made from the thickest and thinnest" 
material rolled. Should either of these teat s|x>cimens develop flaws, or should 
the tensile test sixwimen break outside of the middle third of its gogixl length, 
it may be discarded and another tost specimen substituted therefor. If teiudle 
test spiHnmen docs not meet the Hjiecification, additional tests may be made 

(o) The bending test may be made by pressure or by blows. ^ 

For matenal less than A inch and more than J inch in thickness, the follow¬ 
ing modifications shall be made in the requirements for elongation. 

(d) For each increase of | inch in thickness above i inch, a deduction of 
1 shall be made from the specified percentage of elongation. 

(e) For each decrease of tV inch m thickness below A inch, a deduction 
of 2} shall be made from the specified percentage of elongation. 

(/) For plus, the requir^ peroenta^ of elongation shall be 6 less than 
that specifiied ***** as determined on « test qjecimen, the center of 
whleJh shall 1 inch from the surface. 

' Finished material must be free frcmi injurious seams, flaws, or cracks, and 
have a workmanlike finish. 

T«nrt fmeunens and ©very finished piece of steel riiall be stardped with melt 
mr blow except that small {ueces may be shipped in bundles Seouxely 

wired together, with the melt or blow numb^ on a metid tag attached. 

^ A variiation hi cross section oF weight of each piece of steel muse than 2) 
per cent from^that specified will be sufi^cient cause for rejection, ©ilcept la esse 
0 # sboared plates, whieb will be cover^ by4h0 folhiwing penziiBB&le Variation 
are to ai^ly to shude jdatdl^ 
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Wiien Ordered to Weight 
PlaUs iJS| pounds per square foot or heaoier: 

(g) Up to 100 inches wi^, 2} pej^cent above or below the pieseribed 
weight. 

(A) 100 intros wide and over, $ per cent above nr beiow. 

Piatea under Jff | pounds per square foot: 

(0 Up to 75 inches wide, 2} per cent above or below. 

75 inches and up to 100 inches wide, 5 per cent above or 3 per imA ■> 
below. 

(j) IQO inches wide and over, 10 per cent above or 8 per otmt below. 

When Ordered to Qoge * 

Plates will be accepted if they measure not more than O.Ol inch l)«low the 
ordered thickness. 

An excess over the nominal weight corresponding to the dimensions on the 
order will be allowed for each plate, if not more than that shown in the following 
tables, one cubic inch of rolled su'd being a'wmmed to weigh 0.2S33 pound. 
in«5 and over in thickness 


Thickness 

Orderetif 

Inches 

Nominal 
Weights 
Lb. per 
sq ft. 

Width of Plate 


75 in.and up 
to 100 in. 

100 in. and 
up to 115 in. 

Over 115 in. 

1-4 
5-16 
3-8 
7-ie 
1-2 
9-16 
. 5-8 
Over 5-8 

10 20 

12 76 

15 30 

17 85 

20 40 

22 95 

25 50 

m 

10 p«*r cent 

8 per cent 

7 |jer cent 

6 percent 

5 per cent 
4J percent 

4 p<'r cent 

3 J pf‘r cent 

Hfier cent 
12 iKTcent 
10 per cent 

8 per cent 

7 iier t»nt 
6} jier cent 

6 p*T cent 

5 per cent 

18 per cent 
16 percent 
18 per «‘nt 
10 per cent 

9 per cent 
8| per c.ent 

8 i)er cent 
6i per cent 

17 per cent 
ISp^eent 

12 pri*oont 

11 percent 

10 per cent 

9 per cent 


Plates under ) inch in thickness 


Thickness 

Nominal 


Wi<Mh of Plate 


Ordered 

Inches 

s 

Weights 

Lb. per sq ft. 

Up to 50 in. 

50 in. and up 
to 70 in. 

Over 70 in. 

1-8 up to 5-32 
5-32 up to 3-10 
3-16 up to 1-4 

5.10 to 6.37 

6 37 to 7.66 
7.65 to 10.20 

^ » 

10 per cent 
per cent 

7 per oent 

15 per cent 
12i per cent 
10 per cent 

20 per cent 
17 p(*r cent 
15 iier cent 


The mspe^tor representing the purchaser shall have all roasoriidilc facilities 
afforded to him by the manufacturer to satisfy him that Ihe €aiished material is 
furnished in accordance with these speeifieations. 

All tests and inspections shall be made at the fdaco of manufacture, prior 
to shh>meDt. 

C04 Iron* The cast iron shall conform to the Standard Specie 
fieatimis for Gray Iron Castings adopted by the American Society 
for Testing Materials^, as foHows: 

^Atasdeiti Society for Testiat MaterSslSr Kdisr Marbars, SMSetary, Ualimiity of Psmi> 
lytwuda, I'Uladdpiiia^ 
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SPECIFICATIONS FOR GRAY IRON CASTINGS 

Unletui Cumane iron is spomfied, all gray castings imdentood to be 
made by the cupola process. 

The sulphur contents to be asToIlows: 

Li^kt castings.. .not over 0.08 per cent 

Medium castings...not over 0.10 per cent 

Heavy casting..not over 0.12 per cent 

Tn dividing castings into light, metlium, and heavy classes, the following 
standards luive be«'n adopted: 

('ustings having any wH'tion less than i4nch thick shall lie known as tight 
mitlini/H. ^ 

C''uHtings ill which no section is 1 <>hs than 2 inches thick shall he known as 
h<wv raHlingn. 

MeAinm cantingH art’ those not includes! in the above classification. 

Trfinm'trui' Test. I’he minimum breaking strength of the "Arbitration Bar" 
under transverse load shali not lx* under; 

Light castings. . .2,|p0 lb. 

Medium eastings ...... 2,000 Ib- 

Heavy castings. . .3,300lb. 

In no case shall the d(‘fl(X*tion be under O.lO inch 

Tnusile Teat, Whore BpixjifiiHl, this shall not run less than: 

Light castings. . .18,000 lb. pcs' sq. in. 

Mtvliuin castings .21,000 lb. per sq. in. 

Heavy castings . . .24,000 lb. per sq. in. 

*» 

The quality of the iron going into castings under specification shall be 
determined by means of the "Arbitration Bar". This is a bar 1} inches io diam- 
etor and LI inches tong. It shall be prepared as stated further on and tested 
transversely. The tenmie tost is not recommended, but in case it is called for, 
the bar as shown in Pm. 1, (figure not given) and turned up Ormn any of the 
broken pieces of the tnnsversc test shall be used. Hie expense of the tensile 
test shall fall on the purchaser. 

Two sets of two bars shall be cast from each heat, one set from the first 
and the other set from the last Iron going into the castings. Where the %eaA 
exceeds twenty tons, an aiiditional set of two ban shall be oast for each twenty 
tons or fraction thereof above this amount. In case of a change of mixture 
during the heat, one sot of two bars shall also be east for evmy mixture 
other thau rvgular one. Each set <it two bars is to go into a ain^ mold. 
The bars slialbnot be rumbled or otherwise treated, bdng simply brushed off 
before tesdng. 

The transverse teat shidl be made on all the bars cast, with supports 12 
inches apart, load applied at the middle, and the deflection at rupture noted. 
On«t)ar eveiy two d each eet made must fidfil the reqidrementa ^ pwiait 
uooeptajxoe of the eastings represented. 

'The'mold for the ban is di^wn inFig.2 (figure notfpven.). l^whoitom 
of the bar,iiB ^ Inch eoudler in diameter than the top, to s^awfofr^ilralt Mi lor,, 
the etnun of pouxiqg. The pattern ahall not be rapped befbre 
l%e flask V> to be rammed un w^k^iptcen moldiiig diM. n fitHe daisf^ 


m 
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UBKial, ipell muEcxi «M pot through a No. 8 i^ip, with a n^xtore ono to tw^vo 
* faitfUEDiooiii facing, l^e mold ahal) be rainnted evenly and faMy hold, thoi^ 
OttgUy dzied, and not east until it is cold. The teat bar aball not be removed 
from the tnold until cold enoufdi to be handled. 

The rate of application of the load ahall be from 20 to 40 seeonda for a 
deflection of 010 iut^. 

Boring from the broken pieces of the ''Arbitration Bar" tdiall bo used for 
the eulphur determinations One detenmnation for each mold made shall be 
required. In case of dispute, tlie standards of the American Foundrymenh 
Aaaodation diall be used for companson. 

Castings shdil be true to pattern, free from cracks, flaas, and exoesaive 
idirinkage. In other respecta litey shall confonn to whatever points may be 
specially agreed upon 

The inspector ahall have reasonable facilities affordml him by the manu¬ 
facturer to satisfy him that the hmshinl material is furnished m accordance with 
thefM‘ specifications All ti^s and inspections shall, as far us possible, be made 
at the place of manufacture prior to shipment 

• 

Paint. The paints used shall be red lead paint for the shop 
coat and graphite paint for the field coat. 

TTic red lead paint shall be made of red lead tyintainhig not less 
than 95 per cent Pb, O^, for the pigment and pure raw linseed oil 
with not more than 8 per cent of turpentine or Jaimn drier for the 
vehicle. 

. The red lead paint shall be mixed on the premises where it is 
used, and each batch shall be used within twenty-four hours after 
being mixed. The mixing shall be dpne in a churn or other 
mechanical mixer. The material shall Ik* used in the proportion 
of twenty-five pounds of red lead to one g^m of oil. 

The contractor shall furnish samples of the lead and oil for 
testing, and if required to do so shall lurnish the name of the manu¬ 
facturer of the oil and of the dealers who have handled it. 

Hie graphite shall be the . — 

tffand manufactured by the . .Company, 

or any other graphite paint of equal quality, if it is approved by the 
Arclvtect. 

The eontractmr shall furnish samples of the graphite paiut for 
analysis and test. He shall guanuitee that the paint will fulfill ail 
the daims mnde for it by its manufacturer. 

EMa&anf Constmeti^ Hie detaMs ol construction shdl con- 
lornrto paragraidis 37 to $1, inclusive, of Sdhneider^S Specifications, 
innolwi8tfaeirf»oidaionsamai^)tieahle to this wenh. * 
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S7. Minimum ThiekrtMt oj MaUriaL No steel of iese than \ in. tfaadciUMie 
Hh»n be UHod, except for lining or filling vacant spaces 

38, Adjttaiable Membert. Adjustable members in any part of structarea 
shall preferably be avoided. 

39. Symmelncal Secliotut. Sections shall profitably be made symmetrical. 

40 Cmnectione. The strength of connections shall be sufficient to* 
develop the full strength of the member. 

41 No connection, except lattice bars, shall have less than two rivets. 

42 Floor Beams, hloor beams shall generally He rolled steel beams. 

43. For fireproof floors, they shall generally be tied with tie-rods at inter¬ 
vals not exceeding eight times the depth of the beams. This spacing may be 
intTPased for floors w'hich are not of the arch type of construction. Holes for 
tie-r<Kls, where the construction of the floor permits, shall be spaced about 3 in. 
nlwve the bottom of the beam. 

44> Beam (hrder. When more than one rolled beam is used to form a 
girder, they shall be connected by bolts and m-porators at intH-vols of not more 
than 5 ft. Ail h(<amH having a dejith of 12 in and more shall ha'^at least two 
bolt,H to each wparator. IP 

43. Walt Ends of Beams arid Girders Wall ends of a sufficient number 
of joists and gird<T8 shall l>e anchon^d 8(H*ur»*ly to impart rigidity to the structure. 

48. Wall Plates atul Column Bases. Wall plates and column bases shall 
1)0 const-nictod so that the load will be well distributed over the entire bearing. 
If they do not gi't the full bearing on the masonry, the deficiency shall be made 
good with Portland cement mortar. 

47. Floor Girders. The floor girders may be rolled beams or plate girders; 
thi^y shall preferably be rivete<l or bolted to columns by means of connection 
angles. Shelf angles or other support may be provided for convenienoc during 
erection. 

48 Flange Plates. The flange plates of all girders shall be limited in width, 
so as not to extend, beyond the outer hno of rivets connecting them to the anf^cs, 
nion' than 6 in., or nmre than eight times the thicknois of the thinnest plate. 

49, WebShffMtrs. Web stiffeners shall be in ptuis, and shall have a close 
b<‘unng against the flai^ angles. Those over the end bearing, on* forming the 
fxmnt'c'lion between girder and column, shall he on fillers. Xntmnediate stiff¬ 
eners nmy be on filh>rs or crimped over the flange angles. The rivet pitch in 
Stiffeners shall not be more than R lu. 

60. Web Splices. Web plates of girders must be spliced at all points by 
a plate on each side of the web, capable of transmitting the full strain thzoufffi 
splii'e rivets. 

61^ Catumns. Columns iffiall be designed so as to provide for effeetive 
eonneotions of floor beams, girders, or brackets. 

They shall preftaably be oontinoous over several stories. 

. Column Splicea. The ^oes shaB be strong enough to the 
bendinv ftrun and midte the oohimna praotieally oontinuousfwlliirir 

53. Trusses. Trusses dhoQ preferably be riveted etruotuiea. Heavy 
trusses'of long span, where riveted field connections would heeome un¬ 
wieldy, or fpr'other good reasons, may be derign^ as pio-eoossO^ stmciuies. 

54. i/alsrseaftng Members. Main members of trusses shall be desigped Sff 
that themeuteal ssts of intfimegtiiag membera Shall meet a oomoum pSbSIS* 
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BS. Rot^ Trmteg. Rooi U^um* ^aH be braced in pain in tke plute of 
tbn chords. 

Pufiina siiall be made of idiapee, m riveted-up plate, or Isttioe girders. 

^ Trussed purlins will not be allowed. 

^ S6. Byebarg. The eyeban in pin-ooimeoted trusses eomposing a member 

I <diaU tic as nearly parallel to the axis ol the truss as possible. 

JT. Spacing of Bmt*. The nunimum distanoe between centers of rivet 
holes shall ho three diameters of the rivet; but the distatioe sbaJl preferably be 
not less than 3 in. for rivets, 2} in. for j-in. rivets, 21 m. f^ Hn. rivets, 
and If in. for |-in. ri^*ets. 

Sa. For angles with two gage lines, with rivets staggered, the maximum 
in each line shall be twice as great as given in Paragraph 57, and, where two or 
more plates arc used in contact, rivets nut moit* than 12 in. apart in any rUreo* 
iion shall lie used to hold the plates together. 

59. The pitch of the rivet, in the direction of the elruin, shall not exceed 
6 in., nor 16 times the thinnest outside plate conncctiMl, and not more than 50 
times that thmkneas at right angles to the strum. 

60. Eafe Ihstance. The minimum distance from the cenlfT of any nvet 

hole to a sheared edge shull be li in. for I>in. rivets, 11 in for i-'in. rivets, 1 i in. 
for S-m. rivets, and 1 in for l-in. riv<n>s; and to u rolled edge, 1|, 1|, 1, and I in., 
respectively. ^ 

6 1. The maximum distance from any tnlgo shall be eight tunes the thick¬ 
ness of the plate, 

6 5. Maximum tHameter The diameter of the rivets in any angle can^nir 
ualculaied strains sliall not exceed one-quarter of the width of the leg in which 
they arc driven. In minor parts, rivets may be i in. greater in diameter. 

8 S. Pitch at Endh. The pitch of rivets at the ends of built compresidon 
members shall not excteisd four diameters of the rivets for a length equal to one 
and one-half times the maximum width of the nieinb<‘r. 

d4- I’w PhiM. The open 8id<*8 of compressiim members shall l>e providiid 
with lattice having tic plates at each end at mtennedi|gc points where tht‘ 
latUce is interrupted. The tie plat<« shall be as ncorjihe ends as practicable. 
In mam members, oarrying calculated strains, the end tie plates shall have a 
length not less than tne distance betwemi the bnes of rivets connecting them U) 
the flanges, and intermediate ones not less tldln half this distance. 

•if Thetr thidenesB shall be not less than one-fiftieth of the same distanix*. 

66 . Lattice. The thickness of lattice bars shall be not less than onn-fortiel b 
tae single lattice and one^ixtieth for double lattice, of the distance between end 
rivets; their minimum width shall be as follows; 


For 15-ui channtJs, or built sections').,, 

' with and 4-in. angles^. . 

Port3-, I(t-and9-in.channel8,orbmlt1o. • 
secUims with S-in. atigkis. ... . " 

Folr 8- and 7-in. eltatmels, or • 

sectimis wkh 2|-in. anji^. r . 

For 0- uid 54n. channels, or built U > 
aactkKui with 24n. angles. .... 


(i-m. nvets) 
(I-in. rivets) 
<|4n, rivets) 
<|-in. nvets) 


66 . iattioe fanill witii two rivets sludl generally foe used in fla&giw more 
‘ tlutti 5lh- wide. 


5 
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67 Angle of Lathee. The uioUoation of lattioo bars with the iraf) of thtf 
member, gjenerally, Hhall be not leeB than 45% and when the distanoe between 
the nvot lines in the flange is more tium 15 in,, if a smgle itvet bar is used, the 
latlicti shall be double and riveted at the intersection. , 

68 . SjMtctng of Lathee. The pitch of lattice connections, ahmg the flange, 
divided by the Iwist ratUus of gyration of tlie member between connections, 
shall be less than the corn^ponding ratio of the member as a whole. 

60. JPeu^ JinrUe. Abutting joints in compresidon members i^hehTaced 
for bearing shall be sphciHl sufficiently to hold the oonnoeting members accun* 
ately in place. 

70. All other joints in nveted work, whether in Umsion or compression, 
shall lie fully sphctHl. 

7/. Ptn PUUie. Pin holes shall be reinforced by plati's where necessary; 
and at least one plate shall lie as wide as the flange will allow; whore angUti are 
uw'd, thin plate shall be on the same side on the luigles. Tlie plates shall contain 
Hufhcieiit nvets to dislnbute thiar portion of the. pm pressure to the fuH e^roM 
M>ctlon of the mernb«»r. ^ 

72 Pine Ihns shall lx* long enough to insure a full bearii^ of all parts 
connected uixm the tunied-flovvn body of the pin 

78, Meinln'rs jiacked on pms shijll be held against laitral movement. 

74 Bolts. WImto memlKTs an' connet-Uxi by bolts, the Iwdy of these 
holts shall be long enough to extend through the metal. A washer at least 
■ft in. thick shall be usi'd under the nut 

7.5. Fillers. Fillers bi'tween part,s caiT 3 dng strain shall have a suffiinent 
nuiulier of indi'iwndent rivets to transmit the strain to the niembo' to which the 
filler is attached 

76 Tempfraturc. Provision shall bo made for ex|>ansion and contraction, 
oorn'sponding to a variatHin of teiniieratiire of 1.50* Fahr , where necessary. 

77. Rollers Expansion rollers shall bo not less than 4 in in diameter. 

78. Stone Bolts Stone bolts shall extend not less than 4 in. into granite 
pedestals and 8 in. other material 

7.9. Anchorage ^luinns which are strauuni in tennon at their base shall 
be anchored to the foundations. 

80. Anchor bolis shall be long enough to engage a mass of masonry, the 
weight of which shall b(‘ one and one-lialf times the tension in the miehar. 

81. Bremng. Lateral, longitudinal, and transverse Iwacdng in Idlstrun' 
tun's sliall pix'ferably bo eompoMKl of rigid members. 

Adjacent ends of cxtlumn sections, ^hich do not have full bear¬ 
ing, shall have bearing plates not less than | inch thick. 

Rivets generally shall be f inchdn diameter, but the diameter of 
the rivet shall not be less than one-lourth of its grip; l-iiich rivets 
shall betised when the pieceseonnectedaref inchorouMreinthi^ai^s. 

No beam oonnectioos shall be less than the standards the 
American Bridge Companjr. ... > , 

Tho clearance from the ends of beams to ctdttmns or tO 
^idtaQ not exceed" | iwh. 
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* ' 'peHrocU between floor beams shall be threaded at both ends for 
a length of ih least 3 inches. 

The number of rivets furnished for field connections sh^l be 
40 per cent in <^cess of the nominal number reqtiired. 

Chimney, The connections of the cast-iron or steel chirnivey to 
the framework shall be such as to permit expansion and co||raHdon, 
due to dhanges in temperature. 

Provide flanges with holes for bnieching eoni»cction. 

Cast-iron chimneys may have either flanged joints or hub and 
spigot joints. The bearing surfaces shall have contact on the entire 
perimeter and shall be exactly at right angles to the axis t»f the piiie, 
being turned or planed, if necessary to make them so. The calking 
space in hi4> and spigot joints shall be fillefl with iron fillings and 
sal ammoniac and calked solid. Connections for anchors shall he 
cast on. 

Steel chimneys shall have lap joints for all sWop connections. 
Tliey may have either lap or flange joints for the field connections, 
except that the lap joints generally will be rcquinnl for se'lf-support- 
ing chimneys exposed to wind pressure. All joints shall be prac¬ 
tically air-tight and, if not so made by the riveting, shall be calked. 

Ccuft Iron. The ends of cast-iron columns and the tops of cast- 
iron base plates and pedestals shall l>e planed. 

Bolt holes in cast iron shall be drilled, n Holes for grout may be 
cored. 

In each cast-iron pedestal a grout hole shall be provided wlych 
shall be not less than 2\ inches in diameter and plac(*d as near the 
^center of the base as practicable. Additional belles shall l>e provided 
in bases larger than 4 feet in diameter. r 

The joints in cast-iron columns .shall l>e made by rncaiiH of 
flanges cast on the columns. Each joint shall he Imlted with not 
less than four |-inch bolts. Hie metal in the flanges shall be not less 
than 1 inch thick. 

Unless u^^erwise designed, each beam connection shall consist 
of a bradket and a lug. The bracketshall stistain the entire reaction 
from the beam. It shidl project not less than 4 inches from the 
oolvim and shall slope .I inch. The lug shall provide for two or 
lin^lioltfcmnMltingtotbewebolthebeam. , 


.aas 
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Workmanship. The workman^ip in the fabrication of thd 
structural steel shall conform to paragraphs 23 to 51 dl'Scbneido^s 
Specihcations, in so far as they concern this work. 


SS. General. All parts forming a atrurturc shall be built in acoordanoe 
w'llh approved drawings. The workmanship and finish shall be equal to the 
Ixts^rueill^ in modem bridge work. 

^24- straightening Material. Maticnal shall be thoroughly straiiditened ii\ 
t he shop, by methods which will not injure it, before b(>ing laid off or worked in 
juiy way. 

Sfi P'mivh.^ Shearing siiall be done neatly and accurately, and all por¬ 
tions of the work exposed to view shall be neatly finished 

20 JitiH'lit. The size of rivets Called for on the plans shall b(' understood 
to niciin the actual size of the cold nvet before heating. 

27. Rivet 1/oliH. The diameter of the punch for material not more than 
g in. thick shall be not mon* tlian m , nor tliat of the die more than i in larger 
than the diameter of the nvet. Matenal more than J in. thick, excepting in 
minor details, shall be sub-punched and reamed or dniled from the solid. 

SS Punehinq. Punching shall be done accurately. Sliglit inaccuracy in 
tlie matching of HBlea may bti corrected with n-ainers. Drifting to enlarge 
unfair holes will not be allowed. Poor matching of holes will be cause for rejec¬ 
tion, at the option of the insix^etor. 

29 Aeeembhng Riveted inerobi'rs shall have all parts well pinned up 
and firmly drawn together with bolts before nveting is commenced. Colitact 
surfaces shall bo painted (Si-e Paragraph 52 ) 

50 Ijathre Bara. Ijattice bars shall have neatly-rounde<l ends, unless 
otherwise called for. 

51 B^cb Sltffeners. Stiffeners shall fit neatly between the flanges of 
girdi'rs. Where tight fits are called for, the ends of the stiffeners shall be faced 
and shidl be brought to a true contact Ix^anng with the flange angles. 

.^2. Splice Plaiea and Fillers, Web splice plates and fillers under stiffeners 
shall U> cut to fit witlun i in of flange angles. 

* .'t.'ij. Connection Ariglea. Connection angles for floor (^ers shall be flurii 
with each other and com*ct as to position and length of girder. 

54. Riveting. Rivets shall be driven by pressure tools wjtierever possible. 
Pneumatic hammers sliall be used in preference to hand driving. 

55, RtveU. Rivets shall look neat and finished, with beads of approved 
shape, full, and of equal size. They sliall be central on the shank and shall grip 
tl\e as#mbled pieces firmly. Re-ctipping and caScing will not be idjowed 
1.OOS0, burned, or otherwise defective rivets shall be cut out and replaced. In 
cutting out rivets, great care shall be taken not to injure the adjoining metal 
If necessary, they t’haJl be drilled out. 

Field BoUe. Wherever bdts are used in place of rivsts whiclb ^ahs- 
mit shear, such bolts must have a driving fit. A waidter not less than | in. tiiick 
sliall be usodtonder the nut. '' 

57. Mmiben to he Straight. The sevord pieees forani^mwbtdH iaeii|^* 
shall be straic^t *and shall fit closely toBsthgr, and finisbed mwgdMfii 
free from twists, bends, or 
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38. FinUh tif JoAUt. Abutl^g joints dialt be cut or dreessd true imd 
stntigbt and IMted tdosely together, especially where open to vjew. In eomprea* 
cion joints depending «m oontaet beating, the surfaeee shall be truly faoed> so as 
to havp evw beating after they are riveted up eomploie and whw perfectly 
afigned. 

39. Effd/an. Eyeibars shall be strahdit and true to sise, and shtdl be free 
bom twists, folds in the nock or head, or any other defftct*. Hi'ada diaU be 
made by upsetting, rolling, or forging. Welding wiU not be allowoj^ The form 
of the heads will be determined by the dies in use at the works whetiphe t||pbara 
are made, if satisfactory to the engineer, but the manufacturer sliall guarantee 
the bars to Iweak in the body with a silky fraeture, when tested to nipture. The 
thickness of the head and neck shall not vary more than in. from the thickness 
of the bar. 

40. Boring Eytbam. Beforn boring, each eyebar shall l)e perfeiitiy an> 
ncaled and carefully straightened. Hn holes shall be in the o<mter line of 
bars and in the c(*nter of heads. Bars of tlie same length shall b(> bored so 
aec\irat<>ly that, w’hen placed together, pins ^ in. smaller in diameter than the 
pin holes can be passed through the holes at both ends of the bars at. the same 
time. 

4t. Fin Hales. Pin holes shall be bon'd true to gages, smooth and 
straight; at right angles to the axis of the member, and parallel to each other, 
unless otherwise colled for. , Wherever ^Kifwible, the lionng shall lie don^* after 
the member is nveted up. 

42. Variatum in Ptn Hales. The distance from center to center pin 
holes shall be com'ct within A >n , and the diameter of the hole not more than 
^ in. larger than that of the pm, for pine up to h in. ibamcier, and in. for 
larger pins. 

43. Pins and Rollers. Pius and rollers shall In' tumiNl aeeurafcely to 
gages, and shall be straight, smooth, and entirely fre<> from flaws. ' 

44‘ P'Aot Nuts. At least one pilot and drivieg nut shall be furnished for 
each sise of pan for each structure. 

4S. Screw Threads. Screw threads shall make t.ight fits in the nuts, and 
Hihall be United States standard, excH'pt for diauieters great^-r than 1 j in., when 
tliey shall be made with six threads fH>r inch 

4S. Anneahng. Steel, except in fflindi’ details, which has Is'en i>ar(.ially 
heated shall be i»opcr% annealed. 

47. Steel Castings. AS steel castings sliall be annealed. 

48. Wdds. Welds in stee^vill not be allowed. 

49. Bed Plates. Expansion bed plates shaS be planed true and smooth. 
Cast waS {dates shall be planed at top and bottom. .The cut of 1 he planing 
tool (diall oorrespond with the direction of expansion. 

60. Shipping Details. Pins, nuts, bolts, rivets, and other small details 
diaB be bomad or esrated. 

61. W^ht. 'Hie of every piece and box shall be marked on it in 

plain fiiptres. 

^ Cwtd {ramlng, hosiers, bins, and other complicated work 
be aasemUed ai^ fitted in the i^p. 
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Cast Iron, The ends of cast-iron columns and the tops c^haae 
plates and pe^lcstals must be finished eicactly at right angles to the 
vertical axis of the column. 

'I'he thickness of metal in cast-iron columns shall be not* less at 
any point than that marked on the design drawings. The inside^ 
must l)e concentric with the outside. Shifting of the core more than 
cause rejection. At least three holes shall be drified in 
each column to test the tliickness of metal. 

Fins, chaplets, and other irregularities shall be removed by 
chipping, leaving neatly-finished surfaces. No holes shall be filled 
with cement or other substance without permission from the Archi¬ 
tect. 

The best practice shall be follow'ed in reference to the quality 
of sand, moUling, and the strippjng of molds from castings. 

Painting. The material shall l>e painted one coat of red lead 
paint at the sh(>p and one coat of graphite paint after erection. 
The painting shall be done in accordance with paragraphs 52 to 58 
of Schneider’s Spt'cifications. 

A-Sf. Shop Fainting. Stp»‘lwork, before leaving tlic shtip, uhall be thor¬ 
oughly cleaned and given one good coating of pure hnoeed oil, or such paint os 
may lie called for, well worked into all joints and open spaces. 

In rivetc<l work, the surfams fximing in contact shtdl be painted 
iMvfort' lieing riveted togi'lher. 

/t4. Pieces and parts wluch are not accessible for painting aftiw erection 
shall have two coats of paint before leaiang the shop. 

M. Steelwork to be entirely embedded in concrete shall not be painted. 

^6', Painting fdiall l>o done only when the surface of the metal is perfectly 
dry It shall not. be done in wt't or freeung weather, unless pirotect^ under 
cover 

57. Machine-finished surfaces shall be coated with white lead and tallow 
before sliipment, or iK'fure being put out into tbe open ahr. 

58. Field Painting. After the stniciuie is en>cted, the metal wcKdt shall 
lie paintixi tlioroughly and evenly with an additional coat of paint, mixed^With 
pine Luiseed d&l, of surh quality and color aatnay be selected. The field poist 
shaH bo of difierent color from the sh(H> paint. 

Inspection and* Testings The inspecdon and testmi; will be 
doiMf by the Arcliitect or his representative. The eontractnw shall 
futni^ the facilities for Inspecting and testing aild be gov^med by 
idl of the provisions contained in paragraphs 59 td 64 of 
Specifieation^. < % ^ ^ 

$B. nunufsetuier shaS fimiidi afi faeUHks iaspeidi^ 
dn weight, qualityVmatraia}, a ^ yroarkmand^. jHe abafi a 
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* for testing the specimens, as well os prepare the pieces for ^ 

Bihohiiiei free of cost. 

\ $0, When am inepeotor is furni^ied by the purchaser, he shaft httve fail 
aoesM at al! tunes to all parts of the worlm where material under hia inspeol^ 
,ie roanulactured. 

dl. The pwohaaer shall be famiidied with compk;te copies of mill orddti^ 
and no material shaft be rolled arid no work done before he has been notified as* 
to where the orders have been {daced, so that he may arrango for thc^spection. 

d;9. The purchaser shall also be furnished with voiupleie shop pliuuf^and 
must be notified well in advance of the start of tlie work in the diop, in order 
that he may have an inspector on hand to inspect the material and workmanship. 

&S. Complete copies of shipping invedoea slmll be furnished to the pur> 
chaser with eaoli shipment. 

€4. If the inspector, throui^ an overmght or otherwise, lias aooep^ 
material or work whi^ b defective or contrary to the sp<>(*ifi(!ntions, this material, 
no matter in what stage of completion, may be rejected by the purchsiM>r. 

Erection. Conditions at the Site. (To be changed to suit the 
case). The site of the building cannot be given over to the con¬ 
tractor for his exclusive use. He must conduct his work as directed 
by tlie Architect, and in harmony with the other contractors working 
on the building at the same time. 

ITiere is no storage space on or adjacent to the building sitfe 
the contractor must deliver the material as needed for erection, 
except arrangements may be made from time to time for the tem¬ 
porary storage of small quantities of material. He shall provide 
elsewhere such storage space as he may need. 

Construction Equijmusni. The contvai lor shall furnish all 
equipment required for his opemtions. The equipment shall be ade¬ 
quate for its purpose, and must have ample capacity to earry on the 
work quickly and safely. The Architeot shall have authority to order 
changes in equipment if, in his judgment, it is not adequate or safe. 

Storing. Stored materials must be placed on skids and not on 
the ground. They must be piled and blocked up so timt they will 
not become bent or otherwise injured. 

tJnpaint^ material shall not be so stored in the open. The 
materials shaM be handled witk cranes or derricks as far as prac-;, 
licaUe. must not be dumped off cam or wagons nor in any 

otlfe^ way treated in a mann^ likely to cause injury. 

Eroding Bteel and Iron Wort» The structural steel and iron 
work shall be eredted as ra|^ly as the progress the other work 
(paHamdaily Ic^|pd8tp«^ and walls) will |K$nnit. 
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Setting Plates and Grouting. Base plates, beai’ing i^tes, and ' 
ends of girders which require to be fi^uted, shall be supported 
exactly at proper level by means of steel wedges. The grout will 
be furnished and poured by the mason contractor. 

' Plumbing, Leveling, Bracing. The structural steel and iron 
work shall be set accurately to the lines and levels established for 
the bAiildiflg, as shown on the drawings. Particular care shall be 
taken to have the work plumb and level before riveting. 

Necessary bracing shall be provided for this purpose, and for 
resisting stresses due to derricks and other erection equipment and 
erection oi)erations. 

Elevator shafts shall be plumbed from top to bottom with 
piano wire and must be left perfectly plumb. 

Temporary Balts. The members shall be connected tempor¬ 
arily with sufficient bolts to insure the safety of the structure until 
it is riveted. Not less than one-third the holes shall be bolted. 

Riveting. All field connections shall be riveted unless other¬ 
wise ordt'retl. The riveting shall follow as closely as practicable 
after erection. The connecting members shall be drawn up tight 
with bolts l)efore riveting. Rivets generally shall be driven with 
pneumatic hammers. 

The rivets must be of proper length to form full heads. Rivets 
must be tight, with full concentric heads. Defective rivets must be 
cut out and re-driven. No re-cupping or calking will be allowed. 

Pcmianeni Bolts. When bolts are used for^pemianent comicc- 
tioiih, w'ashers shall be placed under the nuts, the nuts drawn tight, 
and the threads checked. In such cases, bolts most be used which 
are provided for that purpose, and not ordinary machine bolts. 

C^onnections to cast iron shall be bolted. 

Removal Equipment and Ruhbiah. The contractor shall 
remove the construction equipment as rapidly as its service is com- 
{deted and shall remove all rubbish from day to day. 

^ Immediately after final acceptance of the work, the contractor 
siafi remove all his equipment and property and shafi Remove all 
rdbbhdi resulting from hi!^. operations. 
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REVIEW QUESTIONS 

4 . 

OK THE sinu^ or 

STEEL CONSTRUCTION 

PART I 


1. State the three fundamental relations of equiltbrium. 

2. Discuss the expression ‘'factor of safety^’ and show whj 
its use should be discouraged in steel construction work. 

3. Give short descriptions of the Bessemer and the open 
hearth processes. 

4. Name the important 8<‘ction8 of structural 8t<*el mem' 

oers. 

5. In what two ways are plates designated? 

o, How 18 the center of gravity for angles with equal 'U‘g' 
determined? Make sketch. 

7- Compute the moments of in<>rtia for a plate 0 incbci 
wide and J inch thick. 

8. How is the radius of gyration dcriveil from the moment 

of inertia? « 

9. What is the section modulus aiHl how is it derived? 

10. Compute the section modulus and radius of gyration foi 
an an^e 3*’X2^*'X|‘', taking as an,axis the line parallel to thi 
longer leg. 

11. On what bases are structural steel orders handled' 
* Which is the cheaper one? 

12. Which sets of specifications may be used in regard to thi 
quality of structural steel? 

13. Which of the al>ove sets refers to rwlway bridges? 

14. How do these specifications compare in regard to rivei 
steel siretigth? 

15. What U'eAhe usual limits of carbon for structural shapes; 

S 1#* llsfine point’^ 

17. what b the maadsnum allowable bearing on sbopnirivec 
rivets ap4 pins in pounds per square inch. 

> IB. Btate'the fibes oC riveW and holts commonly used. 
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OH TRK SUBJECT OF 

STEEL CONSTRUCTION 

PART II 


1 . A joist has a span of 1$ feet. It supports a floor area 0 
feet in width. The floor construction weighs 115 pounds jier 
square foot. Live load is 50 pounds per square foot. Compute 
the shear and bending moment. 

2 . Figure 76. Distance l>etwecn supports is 18 f<*et. 
Overhang on the right end 6 feet, on the left 8 feet. Load 800 
p<junds per linear foot. What is the maximum shear? Bending 
moments at /2, and /?,? Maximum positive bending moment? 

Given a span of 20 feet, what is the load per lineal foot 
for a bending moment of 82,000 focit-pounds? 

4. Compute shear and bending moments for two loads of 
85,(XK) pounds placed at third points of an 18>foot span; at the 

•quarter points. 

5. WJiat is the bending moment on an I -beam 18* X So'' X 40 

fwt long due to its own weight and to a load of 4.500 pounds con¬ 
centrated at mid-span? , 

6 . A crane girder has a span of 30 feet. The wheel load is 
25,0(K) pounds, the wheel base is 8 feet. What is the position of 
loads for maximum bending moment? What is the amount of 
maximum bending moment? 

7. Two angles are required to support a load of 5200 pounds 
uniformly distributed on a span of eight feet. Determine the 
section by means of the section modulus. 

What I-beam is required to support a uniformly dis¬ 
tributed load of 3500 pounds on a 30-foot span, the permiflmble 
deflection being | inch? 

0. Assuming the same loads per square foot as in fig. 87 
but using 18' for the span and 24' for the 21' ^ 8|Mm» (a> 
determine, sisea of joist tnd gird^, scheme 5; (b) in achme g it 
is denied to fnake the joists and girders Uie same de{ith» use twro ' 
' I-beams for girder; iphat aectaoiBS are required? 
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REVIEW QUESTIONS 

ON THE SimJECT Of 

STEEL CONSTRUCTION 

PART m 


1. Define a column. 

2. What is a tier? 

3. Calculate the capacity of a column, the allowable unit 
stress of which is 12,000 pounds per square inch and its area 15 
square inches. 

4 . It is desired to find (a) the average stress and (b) the 
maximum fiber stress resulting from the Inmcling moment (taking 
J of the computed moment), and (c) the total maximum fiber 
stress in the column, if total load equals 20,000 pounds, area of 
iM'ction equals 24.7 square inches, bimding moment equals 000,OfH) 
inch-pounds, section modulus equals 89.3 inches. Show caH'U- 
lation. 

.5. State the A.H.E. formula for unit stress in columns. 
Which formula is used by the Bethlehem Steel Company? 

6 . In Fig. 152 make height of pedestal l'-6"', load 800,000 
pounds. Compute arc^a of base on the masonry using 5(K) pounds 
per square inch, for other dimen.sion%use those in the figure. 

7. Compute proi>er cast-iron column, length 140 inches, 
concentric load 200,000 pounds, eccentric load 00,000 pounds, 
eccentricity 9**; assume 14*^ for outsido>diameter. 

^ 8. In Fig. 174, assume four panels; let H equal 18 feet, 

Xi, Xs, Xs, and X^, equal 22 feet, and tF equal 40,000. (Compute 
stresses in the diagonals. 

9. In Fig. 170, assume H^, and equal 12 feet, Ht, 
14 feet, Hf, 16 f^t, Xj, X,, X|, 18 feet. Compute the stresses in 
the diagonals. Assume W »200 pounds per lineal foot. 

10 . Referring to Fig. 179, assume 18,000 pounds, H 
e^uds 14 X equals 18 feet. Compute (a) axial stresses in the 
three members of the frame, (b) bending lUomemt at d, (c) Con- 
, struct moment diagram. 

1 h Defrign the |oint as shown in Fig. 187 ustng }-incb riYets 
spaced 3 Indiea*^ 
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ON THE SCBJECT OF 

STEEL CONSTRUCTION 

PART IV 


1. Estimate the weights of st<‘el in the panels shown in 
Fig. 201, scheme c. Dimmish each span by 1 foot. 

2. Design girder tj^pical floor, girder 31-S3. 

3. Design spandrel girder 2S, typical. 

4. Compute loads and make the design for column $. 
Make s( hedule as in Figs. 203 and 204. 

5. Make a diagram shoeing floor areas aupportod by 
Column 33 at first, second, third, and typical floors. Plates C, 
t), E, and F. 

0. In which direction do dead loads act? 

7. Define live loads in bj|ildings. 

8. Draw sketch of section of flat tile arch floor. 

9. State some of the items which affect the seiection of floor 

tj-pt'. 

10. By what is the distance of columns from the building line 
governed’ 

fl. How shall the framing around stair wells be desigiied? 
12. Which scales should be used in making Istrueturid sted 
drawiiigs? js 
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REVIEW QUESTIONS 

ON THB SUBJECT OF 

STEEL CONSTRUCTION 

PART V 


1. Give briefly a theory on rust formation. 

2. State the different degrees of exposure. 

3. What qualities are desirable in a rust preventing paint? 

4. What pigments are commonly used for structural steel 
paints? 

5. Why should all surfaces of structural stwl mcml>ers be 
thoroughly cleaned before painting? 

6. What numerical value has the coefficient of expMiMou of 

steel? 

7. Discuss the influence of heat on structural steel. 

8. What fireproof materials are employed for protection? 

9. State the purpose of specifical ons. 

10. What subjects shall complete specifications contain? 

11. What conhiderations govern the thickness of fireproofing? 

12. Which materials are berfb suited for fireproofing? 

13. State the Chicago requirements in regard to ^‘pipcs 
enclosed by covering”. 
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